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1. INTRODUCTION

This user's manual is provided to assist in preparing input data

and interpreting the output of the ASC/TMC Computer Program.

The manual first discusses the overall program logic and how to

specify which portions of the program are to be executed. The method of

input utilized by the program is discussed including examples. The input

requirements are presented for each portion of the.program, along with

a sample input and resultant program printout.

11
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II. PROGRAM LOGIC

A. PROGRAM FLOW

Figure 1 contains the macro flow chart of the ASC/TMC computer program

flow control logic.

S •Preceding page blank3
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B. CONTROL INPUT

The first input card for each case is a control card which specifies

by a control flag what program subroutines are to be executed.

A flag may be input in each even column of the card from column

2 through 32, namely 2, 4, 6, 8 ... 32.

The flags are divided into three groups:

1. Columns 2, 4 and 6 control execution of the three major

sections of the program.

2. Columns 8 through 18 control execution of the requirements

section of the program.

3. Columns 20 through 32 control execution of the hardware

section of the program.

8



F TABLE I

I. PROGRAM EXECUTION FLAGS

Column S__ction

2 Requirements Section

4 Hardware Section

6 Ref ly Logic Section

Value Definition

0 or bla.nk Do not enter this section of the program.

Enter this section of the program.

Read a set of input followed by a T-card and

execute the portions of this section as requested.

The input storage locations will not be reset to

their initial default values; therefore, only values

which change from a preceding case for this section

need be input.

Do the same as 1, above, except reset the input

storage locations to their initial default values.

9



TABLE I (Cont)

2. REQUIREMENTS FLAGS

Column Portion of Requirements Section

8 Trajectory Simulation

10 Aerodynamic Coefficients

1z Aerodynamic Lifting Surfaces

14 Roll Control Requirements

16 Punch Duty Cycle

18 Aerodynamic Loading Distribution

Value Definition

0 or blank Do not enter this portion of the Requirements

Section.

Enter and execute this portion of the Requirements

Section.

10
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TABLE I (Cont)

3. HARDWARE FLAGS

[Eolum3 r Portion of the Hardware Section

20 Nozzle Design

22 Liquid Injection Performance and Actuation

24 Hot Gas

26 TVC Actuation, Roll System, and TMC Power

Supply

28 Nozzle Torque

30 Jet Tab

32 Weight Summary

Value Definition

0 or blank Do not enter this portion of the Hardware Section.

1 Enter and execute this portion of the Hardware

Section.

!I
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Following is a list of what haruware flags are usually specified

for the types of thrust vector control (TVC) available.

Card Columns TVC

' 4 1i , • 18 ,11i 3 .. 161189 !91'ý'J.A 18 131.137 33 W 35i

I 1 [1 i .r F, 1 ' ---

ILL[ ii LJ 14. iMovable Nuzzle. :_.,_4. t.LL 1. . 1 1 1•LLl

[7i -T TL i II T Liquid Injection

11 .II U .... LJ, LI _]l Hot Gas

1I i~ iU f~ f 121LLi T.-1¶JJI Jet Tabs

]II•.iPT "j T jf ,J 1 _lf I If-'-j No TVC

12
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SECTION ImI

REQUIREMENTS

A. INPUT

The Thiokol input routine (CTINP) used in this program is a versatile

non-(ard-column oriented input subroutine. It permits a variable field input in

that specific separation characters are sufficient to distinguish the individual input

data items. The capabilities of the routine are described below.

1. Blank card columns are ignored, except when reading

Hollerith data.

2. Data can be entered in card columns 1 thru 72.

0 Columns 73 thru 80 are ignored.

3. Separate numerical input is distinguished from

other similar input by the use of its associated

sign 11+1" or "-" and/or a comma", ". The following

three examples are equivalent:

+4, +3, -2, +5.0

"+4, 3,-2, 5

A, +3, -2 +5

4. Numerical information for the TVC design program

can be input as a normal decimal number (i. e. , 1. 20,

0. 35 or 17), or as a decimal number scaled by a power

of 10. The character "E" is used to indicate scaling

by a power of 10. A scaled number is written in

two parts. The digits preceding the "E" form the

basic number. The numbers following the "E"

13



define the power of 10 by which the basic numbcr

is to be multiplied. For example, the number 1.5421

can be written in many ways; the following are some

of the possibilities using the "E" format.

Example: 1. 5421 = 0. 15421 E 01 = 1542. 1E-03

5. Control information is relayed to the input routine

through the use of the characters "L" and "T".

r. a. The character "L"' indicates to the input routine

that a starting location for storing data is to be

established.

Example: L22 + 4-3

This example would cause the routine to store

normalized floating point binary equivalents

of 44 and -3 in relative locations 22 and 23,

respectively.

b. The character "T" signals to the input routine

that the end of a loading sequence has occurred.

The "T" must appear in column 1 of a card.

Hollerith information contained on the "'T"

card will be placed in core. The TVC design

program will print the Hollerith information on

the "T" card on the top of each page of the output.

c. If sequential parameters are being input, only

the L-number associated with the first parameter

need be designated. However, once the sequence

format of the input parameters is broken, a new

L-number must be designated.

14



An example of the CTINP routine options utilized in the TVC design program

is given in the following illustration.

Assume the following information is to be loaded into the relative locations

gi ven.

Relative Location Data

10 2.0

11 17.6

12 -24.3

17 18.1

18 0.001

24 4390000

The two sets of data shown below are equivalent and represent only two of many

approaches that could be taken.

124 6 T i15, 21F 4 25 72812 303 3 ' 35S 37 '• .V4CI4 4? 43-445 46 47 -;40 .50 -ý 4
.9 N .l I .I i 1l' 1 i l IQ! I I I?7l l 3l l ?i l , , ! ; , I , I l * , . . i . ,

"'" T q , ' "' .ý ý' . ..8 '--T -r " -17J -14- I V '2 4 9 0,L-L

fl~jn, sikbNTATL JE61 FIJI bE

.L[.I"IL __L IJJJILI1IL1,L IJ
DATA SET 2

TIL' ' TMI .... H" R I E~iii'Ii! " .T-"~

L 7-[T+B. 1 171 .16,' -I11• .I , 1 14 1I ,=3TJT __
""7 ' "1 -- T- I " i' " " " "

"*_L].] VTTY-TTE[IIIi• _IETi I I11!I, 11 ] {T IiIIiIIT _•

I[ IRIfi T ]- F~ I II I 1 .11 i1111i Ill IIF I Ul I

I
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1. Duty Cycle Input

Duty cycle data are required in three portions of theRequirements Section.

1. Roll control requirements.

2. Punch duty cycle.

3. Aerodynamic loading distribution.

Duty cycle data are also required for the Hardware Section.

These data may be obtained in three ways.

1. By executing the trajectory simulation portion of the program,

the duty cycle data will be stored in the proper location and

need not be input.

2. Supplying the duty cycle with the Requirements Section

input.

3. For the Hardware Section, the user may select Number 1 or

2 above, or supply the duty cycle input with the hardware input.

In the time dependent portion of the duty cycle, discontinuous points may be

input by following two rules.

1. The point at which a discontinuity occurs must be input twice.

2. The number of points between discontinuities must be three or

more, including the discontinuous points.

Example:

Time Deflection Angle

0 0
2 1
4 2
4 4
6 4
8 4

The minimum number of points in the time dependent portion of the duty cycle is

three.

The following parameters are input for the duty cycle.

16



L-No. Symbol Definition Units

S7000 1 Motor thrust impulse for TVC duty cycle lb-sec
stage.

7001 v Motor vacuum thrust impulse for TVC lb-sec

duty cycle stage.

7002 x TVC duty cycle stage thrust vector point ft
body station.

7003 x nf Body station of nozzle flange of the TVC ft
design stage. Input in L-680.

7004 5 Design maximum vector angle for TVC deg

me duty cycle stage. Input in L-681.

7005 1SpM Main table specific impulse for the sec
TVC duty cycle stage. Input in
L-(Kdc) 010.

7006 Slew frequency used in the TVC design rad/secc stage slew rate calculation.

7007 S Control system design slew rate for TVC deg/sec
design stLge.

7008 b Slew angle for TVC design stage. deg
S

7009 1 Pitch control thrust impulse per control lb-sec
P motor from TVC duty cycle initiation to

stage termination.

7010 ;P Integral of the pitch angular thrust vectoring deg
velocities from TVC duty cycle stage
initiation to stage termination.

7011 t Stage time at which maximum magnitude sec
pitch thrust vector deflection angle
occurs during the TVC design stage

, (S Fax)

7012 Ratio of the delivered thrust (F) to vacuum dim
thrust (Fvac) at maximum magnitude pitch
STVC deflection angle (9Pmax).

7013 Maximum pitch thrust vector deflection deg/sec
7013 pax angular rate, for the TVC design stage.

7014 6Pmax Maximum magnitude pitch thrust vector degdeflection angle, per control motor for

the TVC design stage.

17



SSymbol Definition . Units

7015 I Yaw control thrust impulse per control lb-sec
Y motor from TVC stageinitiation to

stage termination.

7016 Yaw deflection rate integral per vehicle deg
control motor.

7017 ty Stage time at which maximum magnitude sec
yaw thrust vector deflection angle occurs
during the TVC design stage (&yax).

7018 1y Ratio of the delivered thrust (F) to vacuum dim
thrust (F,) at maximum magnitude yaw TVC
deflection a•gle (bymax)-

7019 &Ymax Maximum yaw thrust vector deflection deg/sec
angular rate, for the TVC design stage.

7020 M Maximum magnitude yaw thrust vector degdeflection angle, per control motor for

the TVC design stage.

7021 qaa Product of the maximum absolute value lb-deg/sq ftmax of the dynamic pressure-angle of attack

for the TV." design stage.

7022 qqu* Dynamic pressure at maximum qat during lb/sq ft
the TVC duty cycle stage.

7023 t TVC duty cycle stage time at maximum secqa qa',

7024 CN~q Aerodynamic normal force coefficient 1/deg

at maximum qa' during the TVC duty

cycle stage.

7025 M Mach number at maximum qa' during the dim.
TVC duty cycle stage.

7026 8 Average TVC deflection angle per control deg
avg motor for the TVC design stage.

7027 Kdc Stage number of the TVC duty cycle stage. dim.
Input in L-671.

7028 DB TVC duty cycle stage case diameter in.
from axial force reference area.

7029 AFWm Stage I vacuum thrust to liftoff weight g's
used in the vehicle characteristics
pertinent to roll requirements.

7030 tB TVC duty cycle stage time. sec

18



L-No. Symbol Definition Units

7031 F TVC duty cycle stage average vacuum lb
vave thrust.

7032 W TVC duty cycle stage liftoff weight lb
o used in the roll control requirements.

7033 R Ratio of motor chamber pressure to 1/sq in.
vacuum thrust of the main thrust table
of the TVC design stage.

7034 Cd Nozzle average expansion ratio for TVC dim.
design stage. Input in L-(Kdc) 013.

7035 A Nozzle throat area for the main motor sq in.
of the TVC design stage.

7036 7 d Ratio of specific heats of the rocket dim.
motor exhaust gases of the TVC design stage.

7037 P Action time average motor chamber lb/sq in.
ca
ca pressure for the TVC design duty cycle stage.

7038 C* Rocket motor propellant characteristic ft/sec
velocity for the TVC design duty cycle stage.

7039 W Estimated TVC system fixed weight. lb
TVC Used in TVC design stage for the refly

option. Input in L-677.

7040 Wexi Estimated weight of the TVC system lb
expended weight during the TVC design
stage during the original thicle flight.
Input in L-678.

7041 I Estimated TVC system caused specific sec

spaug impulse augmentation (positive) or

degradation (negative). Used in trajectory

TVC design program refly. Input in L-679.

7044 n m Number of motors in the stage cluster dim.

7045 nc Number of control nozzles for the dim.
cluster motor logic.

7046 "dc Number of TVC duty cycle tB data points dim.

7047 Mhzmax Maximum of the absolute value pitch fin ft-lb
hinge torque for the TVC design stage.
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L-No. Symbol Definition Units

78ymax Maximum of the absolute value yaw fin ft-lb
hinge torque for the TVC design stage

7052 hqai Altitude of TVC duty cycle stage ft
maximum qt'.

7053 PqC' Atmospheric pressure of TVC duty lb/sq ft
cycle stage maximum qW'.

7054 I. Integral of the vacuum thrust of the lb-sec
input main thrust table in the TVC duty
cycle stage. Input in L-(Kdc) 005.

7055 W Initial main weight for the TVC duty cycle lb
stage. Input in L-(Kdc) 006.

7056 Ktm TVC duty cycle stage, the main switching dim.
time multiplier. Input in L-(Kdc) 009.

7057 aq, Angle of attack in pitch at TVC design deg
qc stage maximum qW'.

7058 3q%, Angle of side slip in yaw at TVC design deg
stage maximum qW'.

7059 P Maximum main motor chamber pressure lb/sq ft
cmax in TVC duty cycle stage.

7060 Atmax Pintle System required throat area rate. in 2 /sec

7061 'At Integral of the absolute value of the in
pintle throat area rate.

7062 F Pintle motor maximum vacuum thrust. lb
max

7063 P Pintle motor chamber pressure at maximum lb/in. 2
cmax

vacuum thrust.

7064 E Pintle motor expansion ratio at maximum dim.max
vacuum thrust.

.2
7065 At"in Pintle motor throat area at maximum vacuum in.

thrust.

706F C Pintle motor vacuum thrust coefficient at dim.
maximum vacuum thrust.
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L-No. Symbol Definition Units
7067 F min Pintle motor minimum vacu thrust. lb

7068 Pci Pnl 2S7068 cmin Pintle motor chamber pressure it minimum lb/in. 2.

vacuum thrust.

7069 Pintle motor expansion ratio at minimum dim.
vacuum thrust.

7070 tmax Pintle motor throat area at minimum vacuum in. 2
thrust.

7071 C Pintle motor vacuum thrust coefficient at dim.
minimum vacuum thrust.

7072 A Motor extinguishment throat area. in. 2amax
7073 Atmn Pintle motor duty cycle minimum throat area. in. 2

7074 Atmx Pintle motor duty cycle maximum throat area. in.2

7081 Y-CG CANARD Lateral center-of-gravity of one canard in.
relative to body centerline.

7082 Y-CG FIN Lateral center-of-gravity of one fin in.
relative to body centerline.

7083 X-CG CANARD Longitudinal center-of-gravity of a set in. BS
of canards.

7084 X-CG FIN Longitudinal center-of-gravity of a set in., BS
of fins.

7085 WT CANARD Weight of a set of canards (a set is four). lb

7086 WT FIN Weight of a set of fins (a set is four). lb

7087 CAN Code number designating existence or dim.
nonexistence of aerodynamic canards
on vehicle (0 = no canards, 1 = movable
canards, 2 = fixed canards).

7088 FIN Code number designating existence or dim.
nonexistence of aerodynamic fins on
vehicle (0 = no fins, 1 = movable fins,
2 = fixed fins )

7089 I-ROLL Roll control disturbing moment impulse. ft-lb-sec

7090 M1 Mach number at upstream side of down- dim.
stream end of last body section.
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L-No. Symbol Definitiou Units

7091 P1 Static pressure at upstream side down- psi
stream end of last body section.

7092 X1 Body station of downstream end of last in., BS
body section.

7093 X0 Body station of upstream end of last in., BS
body section.

7094 SIGMA Body surfPce angle relative to body deg
centerline of last body section.

7095 RMR Roll moment arm in.

7096 ROLL Maximum disturbing open roll torque. in. -lb
TORQUE

7097 OFFSET Maximum disturbing offset roll torque, in. -lb
TORQUE

7098 VORTEX Maximum disturbing vortex roll torque. in. -lb
TORQUE

7099 AERO Maximum disturbing aerodynamic roll in. -lb
TORQUE torque.

7100 s
7199 Bq Stage time at which TVC duty points sec

occur

7200 6 Pitch thrust deflection angle at t deg
7299

7300 Output modified ynw thrust deflection angle deg
7399 q at t for TVC design stage

Bq
7400 F Delivered motor thrust (F) at t during lb
7499 q TVC design stage Bq

7500 X Vehicle center-of-gravity at t ; the ft
7599 cgq TVC duty cycle point Bq

7600 F Vacuum motor thrust during the TVC lb
7699 vacq design stage (.Pa) at tvac Bq

7700 W Output motor weight flow (W) at tBq lb/sec
q7799
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2. Aerodynamic Coefficiente Input

L-No. Body Input Definition Units

500 BS Body station of each corner on the vehicle in.n
thru outboard profile

541 BD Body diameter at each corner for the particular in.n
body station input

Program Accomodates 21 Separate Corners

542 BS, Sep 1-2 Body station at which the first body separation in.
is desired

543 BS, Sep 2-3 Body station at which the second body separation in.
is desired

544 BS, Sep 3-4 Body station at which the third body separation in.
is desired

548 Ae 1  Nozzle exit area at vehicle launch sq in.

549 Ae Nozzle exit area for second burn event (program sq in.
uses this in conjunction with BS, Sep 1)

550 Ae 3  Nozzle exit area for third burn event (program sq in.
uses this in conjunction with BS, Sep 2)

551 Ae4 Nozzle exit area for fourth burn event (program sq in.
uses this in conjunction with BS, Sep 3)

554 BD Ref Reference body diameter. Normally is diameter sq in.
of largest cylindrical body section of vehicle

555 RN Input Code 1. Small two stage ballistic missile dim.
2. Large three or four stage ballistic

missile
3. Large booster vehicle
4. Small air launched missile
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3. Lifting Surfaces Input

L-No. Body Input Definition Units

560 CANARD Option to calculate lifting surface parameters for dim.
canards

0 No calculations made
1 Calculates and considers surface is

S~movable

2 Calculates and considers surface is
i . ~fixed •

561 Xor Body station of canard root chord leading edge in.
(Xor S Xe-cR)

562 c R Canard root chord length in.
563 Complement of canard leading edge sweep angle deg

L (240< e L < 700)

564 Canard taper ratio dim.
(05 X < 0.60)

565 Canard thickness ratio dim.
(0. 030_< r < 0. 120)

566 x. Canard hinge line body station in.
< Xe)

567 rb Average. body radius in distance between canard in.
root chord leading and trailing edge

568 Canard material option code dim.

0 Aluminum
I Steel

572 FIN Option to calculate lifting surface parameters dim.
for fins

0 No calculations made

1 Calculates and considers surface is
movable

2 Calculates and considers surface is
fixed
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L-No. Body Input Definition Units

573 x Body station of fin root chord leading edge in. V
(xor x <x- )

574 CR Fin root chord length in.

5-.5 Complement of fin leading edge sweep angle deg
(24'=< 7L = '0)

576 Fin taper ratio dim.

577 . ,ui thickness ratio dim
(0.030< - < 0,120)

578 XH Fin hinge line body station in.
S< x)

579 r Average body radius in distance between fin root in.
chord leading and trailing edge

580 Fin material option code dim.

0 Aluminum
1 Steel

Also required for lifting surface input are L-No. 554 and 555 from the

aerodynamic coefficients input. Please refer to that section fo, a description of

these two L-numbers.
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4. Trajectory

For a definition of the trajectory input, please refer to Volume I, Book 1B,

Section MI.

5. Roll Control Requirements Input

L -No. Symbol Definition Units

700 Ktr Control flag where, if non-zero, the dim.Kt parameters CNX, q~n' and Omx are
obtained from the TVC duty cyole
parameters %q'qac max and %Pmax,
respectively.

701 Kk *Stage number, dim.

702 DB *TVC duty cycle stage case diameter. in.

703 Fvac *Nominal input vacuum thrust. lb

704 Wo *Stage liftoff weight. lb

705 Fvacl/Wol *Stage I average vacuum thrust to dim.
stage liftoff weight.

706 CI& **Aerodynamic normal force coefficient 1/deg 0.05
at maximum q•.

707 qam **Maximum absolute value of dynamic lb-deg/sq ft (C)
pressure - angle of attack product.

708 5 **Maximum thrust vector deflection angle. deg (C)mnx
709 Co Effective offset distance, in. (C)

710 yr Vortex roll torque per pound of thrust in. 0. 00363
factor.

711 Kqa Factor of maximum dynamic pressure - dim. 1.

angle of attack.
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L-No. S Definition Units

712 Kam Factor of maximum thrust vector dim. 1
deflection angle.

713 Kod Effective offset distance multiplier. dim. 1

714 Kos Offset roll torque multiplier, dim. 1

715 Kvr Vortex roll torque multiplier. dim. 1

716 K ~r Aerodynamic roll torque multiplier, dim. 1

717 Mt Input roll torque. in.-lb (C)

718 M Input offset roll torque. In. -lb (C)

719 M.r Input vortex roll torque. in.-lb (C)

720 MIr Input aerodynamic roll torque. in. -lb (C)

721- By. Input coefficients for computing dim.
724 maximum dynamic pressure - angle

of attack, j0, 1, 2, 3.

725- Boj Input coefficients for computing maximum dim.
727 .. rust vector deflection angle, j = 0, 1, 2.

728- B Input coefficient for computing effective dim.
731 offset distance, j = 0, 1, 2, 3.

732 71rc Ratio of roll control duty cycle to maximum dim.
roll torque - duration product.

*Set from duty cycle.
**See L700

The following is a cross reference of the L -Numbers of values that may be

obtained from the duty cycle.

Roll Control Duty Cycle
L-No. L-No.

701 7027
702 7028
703 7031
704 7032
705 7029
706 7024
707 7021

4708 7014
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6. Aerodynamic Loading Distribution Input

The input required for aerodynamic loading distribution comes from two areas:

1. The same input required by aerodynamic coefficients.

L-numbers 500 thru 555.

2. Values required from the duty cycle. L-numbers: 7021, 7022,

7024, 7025, 7027, 7052, 7053, 7057, 7058.

Please refer to the respective section for a description of the values.
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6 B. ERROR MESSAGES

The following errors may occur in the requirements section.

Lifting Surfaces

The lifting surface taper ratio must lie between 0 and 0. 6.
The value was XXX.
The complement of the lifting surface leading edge sweepback angle must lie between 24 and 70 degrees. The value
was XXX.
Interpolation error in setting the slope of the lifting surfacelinear lift coefficient. The argument was XXX.
Interpolation error in locating the lifting surface center of

pressure. The argument was XXX.
Interpolation error in obtaining the Reynolds number per
foot. The argument was XXX.

Interpolation arror in obtaining the non-linear lift curve
factor. The argument was XXX.[ Interpolation error in setting up trajectory data for fins
and canards. The mach number was XXX.

Normal Force Coefficients
No convergence in iteration for supersonic normal force
coefficients.

Interpolation error for subsonic-transonic normal force
parameter eta. The argument was XXX.
Interpolation error for subsonic-transonic normal force
parameter K. The argument was XXX.
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C. SAMPLE INPUT

Included in this section and the next, Sample Output, are two test cases

that execute all of the Requirements Section except the trajectory portion.

30



I!I!I EzILzjF'-�1 
'''4-

73L�E5�2I�Th�,2I
- - r- b- 

- -i -a - -I-' I--� �-4--- 
, r-- 

4----4 *

'CO I. H 
-I 

-

to I- I-4' 
- a- 

-
.- ---- 4 '---1 -- 

'� 

4-a

k 
F-� -----i

� K' �j' A � 
--

r -� --- I-- 
*- -

*0 

I 
4- . -- .0 

44

____ _ I-- *1

___ 

---- I

'---H i--' -i -4 -� 

-�
F----

'----4� �-- - -4 �--� '----' h-- -. *--' a-----� - -- -- - --I 4----'
4-----.

t- .

'-in 

..-.-- 
. -.� -. --4,

4-. . a - -. --

-4 -

-

----- 
-.o� 

.'--4 

-� . L a

4- 

---� L. -- .. �. -

* I -. -. - ----- I---' .--- -.-- --- I---- --- - *��1 ii
-

- -. a

- t-- - --F------ 
�- - I--, -�a 

I 

-. -- . -�
-

a
.44 

.1

= 
�--� ,-.-- ---- J K - 7 �4 F-; - --

a 

- Ii4 .
��1

-- - -a � h-� -.
-- 4 - _ 

- -:
- � L�. .� 

ii
eq

-4 
-

-- 4 ,-4 0: to- �O

______ 
.4 �I 

I� 5

H-i 
t-I.

- a-j � 
4 *+* Co

4---4 - eq 0* . CO *o� tO
.0.

-4 to,

I

I k.: +. 
-- -� --

+1�4 
+4

r� F� 
4 T ,�, 4-- -- 

-1

'r:� � 
-4 :j �

- 1 -
1 -- + - -� �-%--:- -- -�1 �-�i �. hW -�.- ,.-.--i -.

- �

- -
44 I 

. 44 
04- Ii --- >�' 4- Co Co __ _ � 

. II

-4 *.4�94 � - _ .�..O to * ' a---'..- �. + , + + r---� L�J.
I- *� *- - - -. ___- a a - - -: 

:i� 7 12, .ii T� R-� 27 Feq eq. 0i t. r -0 �i' -ati to*

0: -o I -

eq 
1

.4-3 1 ,*� 4-��
'0 tO to-. a "I

4--I-�. -
� - .



4.- 4

4- 7

In -1

4-4* WX CO1L

IF.

E 0L

o .n + 3k



D. SAMILE OUTPUT

This section contains the printout of the program resulting from the input
specified in the previous section, Sample Input.
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SECTION IV

HARDWARE

A. INPUT

1. DUTY CYCLE INPUT

Duty cycle data required for the Hardware Section may be obtained three

ways:

1. By executing the trajector' simulation portion of

the program.

2. Supplying the duty cycle input with the Requirements

Section input.

3. Supplying the duty cycle input with the Hardware

Section input.

For a description of the duty cycle input please refer to the duty cycle input

discussion in Section MI.A. 1.

The input data for the hardware subroutines are divided into two types,

routine input and optional input. Routine data are those which usually are input for

each computer run unless stored values are desired. Optional data are those whose

values are relatively constant. Typical of the optional data are the empirical constants

used in some of the equations; density; strength levels; and moduli of materials used

and data input in tabular form, such as the tables defining weights of some of the com-

ponents. A nominal value for each piece of optional data is stored in the program;

the nominal value will be used unless a new value for the parameter is read in from

cards. Once a parameter is changed by card for a case, it will remain at the changed
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i/

value until again changed or until the user specifies by control card input that the

values are to be reset to their initial default values.

This concept of optional data permits running the program with minimum

input data for most applications, -nd yet permits easily changing the optional data

should the requirements of a specific case require. The routine and optional input

for each of the hardware design subroutines is listed in the tables that follow.

2. NOZZLE INPUT

a. Nozzle Routine Input

Fortran
L-No. Symbol Definition Value Symbol

0 TPNOZ Nozzle type -- TPNOZ

=1, submerged fixed
=2, subsonic splitline
=3, external fixed
=4, hinged
=5, integral
=6, submerged inlet,

supersonic splitline
=7, external inlet,

supersonic splitline

CONTRL Thrust vector control CONTRL

=0, no nozzle TVC
=1, liquid injection
=2, hot gas
=3, jet tabs
=4, gimbal ring
=5, ball and socket
=6, flexible seal

2 PCLOC Pivot center location PCLOC

control, 4 or 5 1
control, 6 2

=1, at seal
=2, forward of seal
=3, aft of seal
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Fortran
L-No. Symbol Definition Value Symbol

3 HGVMT Hot gas valve mounting 4 HGVMT

=1, nozzle mounted submerged
pintle valve

=2, closure mounted submerged
pintle valve

=3, plenum mounted submerged
pintle valve

=4, external pintle valve
=5, external jet pipe valve
=6, external rotating valve

4 TPT Throat code 3 TPT

=1, tungsten
=2, graphite
=3, plastic
=4, actively cooled

5 TPGEO Exit configuration 1 TPGEO

=1, conical exit
=2, contour exit

6 TPCSE Case material 1 TPCSE

=1, metal
=2, filament wound glass

7 TPBND Binder type TPBND

=1, PBAA or PBAN
=2, CTPB

Only one of the following four parameters needs to be input.
Fortran

L-No. S 1mbo Definition Value Symbol

10 DTAVG Average throat diameter 0 in.-. DIATAV

11* AT Average throat area 0 sq in.--# AT

12 DTINT Initial throat diameter 0 in. DIATO

13 ATINT Initial throat area 0 sq in.- ATO
4

i • *Nonzero input in these locations overrides data from duty cycle. The data are not
required if duty cycle values are to be used.
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7
For a conical exit cone, input two of the following: THETAI, LNZ, or EPS

(EPS can be either initial expansion ratio, EPSINT, or average expansion ratio,

EPSAVG).

For a contoured exit cone, input three of the following: THETAI, DELTI*,

LNZ, or EPS (EPS is same as defined in the preceding sentence).

Fortran
L-No........ Definition Value Symbol

14 THETAI Initial angle of contour or THETAI
half angle of cone

Conical 15 deg
Contour 23 deg

15 DELTH THETAI minus angle at e,;t plane 10 deg DELTH
(turnback angle)

16 LNZ Length, throat to exit 0 in. ELNZ

17 EPSINT Initial expansion ratio 0 EPSO

18* EPSAVG Average expansion ratio 0 EPSAV

19* TA Time of motor operation 0 sec TA

20* PC Average chamber pressure 0 psi PC

22* BD Case diameter 0 in. DIACSE

23* XNF Motor station of nozzle 0 ft ELXNF
flange face

These values are input only if a two level, motor operation is required.

Fortran
L-No. Symbol De'finition Value Symbol

51 BTA Boost action time 0 sec BTA

52 BPCA Boost phase operating pressure 0 psi BPCA

53 BXDOT Boost phase throat erosion rate 0 mils/sec BXDOT

54 CTA Coast time (motor shutdown) 0 sec CTA

*Nonzero input in these locations overrides data from duty cycle.

The data are not required if duty cycle values are to be used.
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~ b. Nozzle Optional Input

Fortran
L-No. Symbol Definition Value Symbol

21 DELMXI Design thrust vector angle max. of DELMXI
30

6 pmax,
aymax

If a nonzero value is input, that value is used. If DELMXI = 0, D-DESIGN is

used if nonzero; otherwise, the maximum of dpmax and 6 ymax is used. If all four are

zero, three degrees are used. (For TYPNOZ = 4, DELMIU is replaced by twice DELMXI.)

24 ERATIO Injection port location, EPS/ 0 ERATIO
EPSINT (nozzle types 1 and 3)

25 XIRAT Injection port location. X/LNZ 0.5 XIRAT
(nozzle types 1 and 3)

26 XFRAT Flange location, X/LNZ 0.3 XFRAT
(nozzle types 1, 5, and 6)

?7 MEOP Structural design pressure (C)* psi POMAXE 1;

If not input, 1.1 x PC-MAX is used if nonzero. If PC-MAX = 0, 1.2 x PC is used.

28 PA Ambient pressure 0.0 psi PA

29 RRATD Downstream external radius ratio 0.6 RRATD

30 DIABT Diameter at station 4up (C) in. DIABT
(nozzle types 2 and 4)

31 THETAC Inlet angle THETAC
(nozzle types 2, 3, and 7) 45 deg
(nozzle type 4) 3. 5 deg

(nozzle type 4 with pintle 45 deg
nozzle)

32 RNOZB2 Radius to inside of flange (C) in. RNOZB2 4'

33 FEJDES Design nozzle ejection load (C) lb FEJDES

*C indicates that if value is not input, it will be calculated in the program.
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Fortran
L-No. Symbol Definition Value Symbol

34 TEC Chamber temperature 6,260'R TEC
Pintle nozzle 6,020 'R

35** GAM Isentropic exponent of exhaust 1.18 GAM
gases

Pintle nozzle 1. 147

36** CSTAR Characteristic velocity 5,200 ft/ CSTAR
sec

Pintle nozzle 5,120 ft/
see

37 ALUM Propellant aluminum content 16% ALUM
Pintle nozzle 12%

38 BINDER Propellant binder content 14% BINDER
Pintle nozzle 18%

39 BLOWCO Blowing coefficient (C)* BLOWCO

c. Nozzle Optional Input for Cooled Throat

Fortran
L-No. Symbo Definition Value Symbol

56 TWIN Thickness of porous insert jC) in. TWIN

57 TPINS Allowable throat insert temper- 4, 000- F TPINS
ature

58 TMAN Manifold coolant temperature 140 F TMAN

59 PRNDTL Prandtl number of exhaust gas 0. ' PRNDTL

60 VISGAS Viscosity of exhaust gas F::.0-5 VISGAS
lb/ft-sec

61 VISXP Viscosity exponent of exhaust gas 0.6 VISXP

62 XM.WG Molecular weight of exhaust gas 26 XMWG

*C indicates that if value is not input, it will be calculated in the program.
**The stored value will be used if no value is available from the duty cycle.
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K Fortran

L-No. Symbol Definition Value Symbol

63 CPCOOL Specific heat of coolant 0.523 CPCOOL
Btu/lI° F

64 ACCOOL Porous insert flow constant 0.0593 ACCOOL

65 BCOOL Porous insert flow constant 15.08 BCOOL

66 XMWC Molecular weight of coolant 17 XMWC

67 HVAP Coolant heat of vaporization 509 HVAP
(use 0 if not liquid at manifold) Btu/lb

68 CTMC Coolant tank material code 1 CTMC

69 TSC Coolant tank shape code (C)* TSC
=1, toroidal
=2, spherical

70 RHOCL Density of coolant 0.0215 RHOCL
lb/cu in.

d. Nozzle Optional Input for Movable Nozzle

Fortran
L-No. Symbol Definition Value Symbol

71 RMXB Radial limit line (C) in. RMXP

72 XIM Axial limit line (C) in. X1M

73 ANGN Iteration start angle (C) deg ANGN

74 ANGM Iteration limit angle (C) deg ANGM

75 ELMS Minimum seal gap length ELMS
Flexible seal 0.3 in.
Others (C) in.

76 DALL Iteration closure angle 0.003 DALL
leg

*C indicates that if value is not input, it will be calculated in the program.
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Fortran
L-No. Symbol Definition Value Sytmbol

77 DANN Iteration step angle 3 deg DANN

78 TFL Radial nose thickness (C)* in. TFL

79 OFLG Matching flag 1 OFLG

e. Nozzle Optional Input iur Ball Seal

Fortran
L-No. Symbol Definition Value Symbol

81 PSIL Allowable liner pressure load 5,000 PSIL
supersonic splitline psi

(Applies only if CONTRL =5)

82 CAMP Amplification factor (C) CAMP

83 AMPFLG Amplification factor flag 0 AMPFLG
=0, do not modify DELMXI
=1, modify DELMXI by CAMP

(Applies only to TYPNOZ =6 or 7)

f. Nozzle Optional Input for Gimbal Ri#g

Fortran
L-No. Symbol Definition Value Symbol

85 HGR Height of section (radial) (C) in. HGR

86 HRR Ratio of height to ID HRR
subsonic splitline or integral 0. 15
supersonic splitline 0.08

87 RBH Ratio of width to height RBH
subsonic or supersonic 2
plitline

integral 2

88 RWB Ratio of wall thickness to width RWB
subsonic splitline or integral 0.25
supersonic splitline 0.5

*C indicates that if value is not input, it will be calculated in the program.
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Fortran
L-No. Symbol Definition Value Symbol

89 RWH Ratio of wall thickness to height RWH
subsonic splitline or integral 0.15
supersonic splitline 0.5

90 DLAX Allowable axial deflection (C)* in. DLAX

91 DLLAT Allowable lateral deflection 0. 01 in. DLLAT

g. Nozzle Optional Input for Flexible Seal

Fortran
L-No. Symbol Definition Value Symbol

94 HGT Height of seal (C) in. HGT

95 BETA1 Inner seal angle 45 deg BETAI

96 BETA2 Outer seal angle 55 deg BETA2

97 SHANG Shear a~igle 10 deg SHANG

98 TMTR Ratio of metal to rubber 2 TMTR

99 TM Thickness of metal shim 0.05 in. TM

100 RHT Ratio of height to chord 1 RHT

101 FSB Shim stress factor of safety 1.25 FSB

102 FSH Rubber shear factor of safety 1.25 FSH

103 EMSLIN Thickness of insulated (C) in. EMSLIN
splitline structure

104 BTK Boot thickness 0. 2 in. BTK

*C indicates that if value is'not input, it will be calculated in the program.
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h. Nozzle Optional Input for Throat Insert

Fortran
L-No. Symbol Definition Value Symbol

105 TVOID Plenum height, cooled throat (C)* in. TVOWD

106 TTIV Virgin insert thickness at end (C) in. TTIV
of firing

107 TTIE Thickness of insert erosion (C) in. TTIE

i. Exit Ring Optional Input

Fortran
L-No.. Symbol Definition Value

108 XACT X distance from throat to point (C) '.n XACT
of actuator attachment

109 RACT R distance from throat to point (C) in. RACT
of actuator attachment

j. Nozzle Optional Input for Pintle Nozzle

Fortran
L-No.. Symbol Definition Value Symbol

40 PNOZ Control 0 PNOZ
= 1, design pintle nozzle

41 PTYPE Pintle type (C) PTYPE
= 1, solid tungsten
= 2, tungsten shell
= 3, ablative sleeve

42 FMAX Maximum thrust level (C) FMAX

43 PCMAX Chamber pressure at FMAX (C) PCMAX

44 EPSMAX Expansion ratio at FMAX (C) EPSMAX

t5 ATMINA Aerodynamic throat area at (C) ATMINA
FMAX

*C indicates that if value is not input, it will be calculated in the program.
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S• Fortran
L-No. Symbo Definition Value SFmbol

46 FMIN Minimum nonzero thrust level (C)* FMIN

47 IWMIN Chamber pressure at FMIN (C) PCMIN

48 EIFSMIN Expansion ratio at PMIN (C) EPSMIN

49 ATMAXA Aerodynamic throat area at (C) ATMAXA

FMlN

50 ATEXTA Aerodynamic throat area (C) ATEXTA
required for moter
extinguishment

55 EXT Control 0 EXT
= 0, do not design for

motor extinguishment
= 1, design for motor

extinguishment

80 GTYPE Grain type 2 GTYPE
= 1, constant surface area
= 2, variable surface area

92 ATMXA Maximum aerodynamic throat (C) ATMXA
area

93 ATMNA Minimum aerodynamic throat (C) ATMNA
area

1068 RPTIP Pintle tip radius (C) RPTIP

1069 TB Total burn time (C) TB

1070 NSTT Number of struts 3 XNSTT

1071 BETAST Strut angle (C) BETAST

1072 PHYD Hydraulic supply pressure 3,000 PHYD

1073 LLVDT Length of feedback (LVDT) 1.75 XLLVDT

*C indicates that if value is not input, it will be calculated in the program.
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L-No. Symbol Definition Value Fortran

1074 ODLVDT Outside diameter of feedback 0.5 ODLVDT
(LVDT)

1075 ABAL Percent of pintle tip which is (C)* ABAL
area balanced

1076 BREXP Pr.)pellant burn rate exponent 0.75 BREXP
1077 CDB Boost discharge coefficient 0.97 CDB

1078 CDS Sustain discharge coefficient 0.87 CDS

1079 CDEXT Extinguishment discharge 0.85 CDEXT
coefficient

1080 BXDOTP Pintle erosion rate during (C) BXDOTP
boost cor..itions

1081 SXDOTP Pintle erosion rate during (C) SXDOTP
sustain conditions

1082 ODP Outside diameter of pintle (C) ODP

1083 STR Maximum pintle stroke (C) STR

1084 STRDOT Pintle velocity (C) STRDOT

1085 INTMC Integral of STRDOT (C) XINTMC

1086 LPNT Total pintle length (C) XLPNT

1087 RIDSRT Radius to inside diameter of (C) RIDSRT
pintle insert

1088 L1200 Axial length from pintle tip to (C) XL1200
1,2007F isotherm

*C indicates that if value is not input, it will be calculated i.. the program.
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k. Nozzie Optional Input EDuation Constants

L-No. Symbol Value L-No. Symbol Value

2090 CN1 0.1 2131 CN42 -0.377863 x 10- 1

2091 CN2 -0.920935 2132 CN43 0.232029 x 10-2

2092 CN3 -0.142653 x 10-1 2133 CN44 -0.313475 x 10-1

2093 CN4 -0.103953 x 10-3 2134 CN45 -0.242349

2094 CN5 0.277405 x 10-5 2135 CN46 -0.445288 x 10-2

2095 CN6 0. 139939 x 10"1 2136 CN47 -0.370606 x 10"1

2096 CN7 0.503518 x 10-4 2137 CN48 -0.218255 x 10-1

2097 CN8 0.108327 2138 CN49 0.26454 x 10-2

2098 CN9 -0. 106016 x 101 2139 CN50 0.39659

2099 CN10 -0. 793869 x 10-2 2140 CNS1 6.1452 x 101

2100 CN11 -0.312109 x 10-3 2141 CN52 -0.618151

2101 CN12 0.568657 x 10-5 2142 CN53 0.600477 x 10-2

2102 CN13 0. 149991 x 10-1 2143 CN54 -0.184792 x 10-

2103 CN14 0.363106 x 10-4 2144 CN55 -0.585812 x 10"1

2104 CN15 0. 137701 x 101 2145 CN56 0.117637

2105 CN16 0.492648 x 101 2146 CN57 -0.8485

2106 CN17 0. 146663 x 102  2147 CN58 -1.0435

2107 CNI -0.437538 2148 CN59 5

2108 CN19 0.149242 x 101 2149 CN60 0.42

2109 CN20 -0.212665 2150 CN61 1

2110 CN2I 0.160043 ,x 10-1 2151 CN62 0.4

2111 CN22 -0. 112126 x 102  2152 CN63 0.0131

2112 CN23 0. 192557 x 102 2153 CN64 1

2113 CN24 -0.135053 x 102 2154 CN65 0.5

2114 CN25 -0.108109 x 101  2155 CN66 0.092

2115 CN26 0.226633 x 101 2156 CN67 0.031

2116 CN27 0.13059 2157 CN68 -0.00022

2117 CN28 -0.16851 x 102 2158 CN69 0.00528

2118 CN29 -0.246747 x 10 2159 CN70 0.1

2119 CN30 0.20848 x 102  2160 CN71 1

2120 CN31 0.290881 2161 CN72 0

2121 CN32 -0.328595 x 10-1 2162 CN73 0.5

2122 CN33 -0.386683 2163 CN74 1

2123 CN34 0.715927 2164 CN75 0

2124 CN35 0.1 2165 CN76 -0.00042

2125 CN36 0.5 2166 CN77 0.00361

2126 CN37 0. 530089 x 101 2167 CN78 0.000069

2127 CN38 0.637875 x 10- 1  2168 CN79 -0.00011

2128 CN39 0.281842 x 10-1 2169 CN8O 0.00158

2129 CN40 -0.209463 x 101 2170 CN81 0.1875

2130 CN41 0.272717 2171 CN82 0
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1.-No. SybAValue L-No. symbol Valuse

2172 CN83 0 2215 CN126 0.033
2.173 CN484 0 2216 CN127 1. 908 x 105
2174 CN85 0 2217 CN128 7.84
2175 CN86 1.661771 x 10-1 2218 CN129 1.90183

2176 CNS7 1.026857 x 10-2 2219 CN130 -0.0183

2177 CN88 -2.727812 x 10- 5  
2220 CN131 0.95

2178 CN89 3.204e51 x 10-8 2221 CN132 20
2179 CN90 -1.341017 x 10-11 2222 CN133 15
2180 ('M91 1.287107 x 10-1 2223 CNI34 0.693
2181 CN92 7.624351 x 10-3 2224 CN135 -0.0123
2182 CN93 -1.914588 x 10-5 2225 CN136 0.25
2183 CN94 2. 179663 x 10-8 2226 CN137 0.02

2184 CN95 -8,891198 x 10-12 2227 CN138 0.75
2185 CN96 1. 094957 x 10-1 2228 CN139 0.047
2186 CN97 6.237939 x 10-3 2229 CN140 0.1
2187 CN98 -1.715526 x 10-5 2230 CN141 5
2188 CN99 1.980992 x 10-8 2231 CN142 1.7
2189 CNIOO -8.062882 x 10-12 2232 CN143 -0.01
2190 CNIO1 0.036 2233 CNI44 7
2191 CNI02 0.68 2234 CN145 1.215
2192 CN103 -66.5 2235 CN146 -1.065
2193 CNI04 0.02 2236 CN147 0.3333
2194 CNI05 0.68 2237 CN148 1.125
2195 CN106 -90.4 2238 CN149 1.02
2196 CNI07 0 2239 CN150 0.' -9
2197 CN108 1 2240 CN151 '.234
2198 CN109 0 2241 CN152 1.856
2199 CN110 2 2242 CN153 i
2200 CNI11 4.2 2243 CN154 0.3
2201 CN112 1 2244 CN155 1.05
2202 CNl13 1.25 2245 CN156 300
2203 CN1l4 0.4 2246 CN157 0.84
2204 CN115 0.16 2247 CN158 100,000
2205 CN116 5 2248 CN159 4
2206 CNl17 0.41 2249 CN160 1.5
2207 CN1U8 1.12 2250 CN16I 1.5
2208 CNI19 0.6 2251 CN162 1.1
2209 CN120 8.6 2252 CN163 90
2210 CN121 0.593 2253 CN164 70
2211 C11122 0.008 2254 CN165 20
2212 CN123 0.28 2255 CN166 30
2213 CN124 250 2256 CN167 0.2
2214 CN125 1.79 x 10-5 2257 CN168 0.2
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L-No. Symbol Value L-No. Symbol Value

2258 CN169 0.1 2300 CN211 0.02

2259 CN170 10,000 2301 CN212 1
2260 CN171 500 2302 CN213 10
2261 • CN172 0.088 2303 CN214 0
2262 CN173 0.28 2304 CN215 1
2263 CN174 0.9 2305 CN216 0.00316
2264 CN175 0.5 2306 CN217 0.000691
2265 CN176 1.05 2307 CN218 1.75
2266 CN177 0.2 2308 CN219 2
2267 CN178 0.01 2309 CN220 0.75

2268 CN179 1.706 2310 CN221 1
2269 CN180 0.566 2311 CN222 1.25
2270 CN181 0.05 2312 CN223 4
2271 CN182 0.01 2313 CN224 60

2272 CN183 3 2314 CN225 1.724573
2273 CN184 1 2315 CN226 -2.71846 )- 10-1
2274 CN185 0.975 2316 CN227 -8. 502382
227. CN186 0.5 2317 CN228 1.577494 x 101

227C CN187 0.975 2318 CN229 -1.170823
2277 CN18 0.0154 2319 CN230 7.241182 x 10-1
2278 CN189 0.1 2320 CN231 -1.063764
2279 CN190 1.4517 2321 CN232 4.063785 x 10-1
2280 CN191 0.4 2322 CN233 -7.466649 x 10-2
2281 CN192 0.92 2323 CN234 6. 190602 x 10-1
2282 CN193 0.8 2324 CN235 -8. 186164 x 10-2
2283 CN194 275 2325 CN236 3.528282 x 10-3
2284 CN195 1.2 x 10 1 2  

2326 CN237 I
2285 CN196 74,375 2327 CN238 1
2286 CN197 6 x 105 2328 CN239 8,950
2287 CN198 0.0015 2329 CN240 -7,200

2288 CN199 0.01 2330 CN241 0.125

2289 CN200 4 x 105 2331 CN242 30

2290 CN201 0.01 2332 CN243 0.2
2291 CN202 1,000 2333 CN244 0.001

2292 CN203 0.043 2334 CN245 0.01
2293 CN204 205.67 2335 CN246 0.1
2294 CN205 2 2336 CN247 5
2295 CN206 5 2337 CN248 0.025
2296 CN207 8 2338 CN249 0.000556
2297 CN208 2 2339 CN250 5

2298 CN209 0.67 2340 CN251 0.02
2299 CN210 1 2341 CN252 0.6
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L-No. Symbo Value. L-No. Symbol Value

2342 CN253 0.04 2385 CN296 1.8831

2343 CN254 1 2386 CN297 20.17

2"144 CN255 1.2 2387 CN298 1.03

2345 CN256 0 2388 CN299 0.25

2346 CN257 0.01 2389 CN300 2.0045 x 10.4

2347 CN258 0.043 2390 CN301 0.3

2348 CN259 0.3183 2391 CN302 0

2349 CN260 1.15 2:192 CN30:1 0.2

2350 CN261 1.5 2393 CN304 0.1

2351 CN262 -0.6 2394 CN305 4.8967 x 10-2

2351 CN263 -1.5 2395 CN306 -5.0377 x 19-4

2354 CN264 1.3 2396 CN307 3.8376 x 104

2354 CN265 0.01 2397 CN308 -3.2252 x 10-6

2355 CN266 120 2398 CN309 7.3018 x 10-8

2356 CN267 50 2399 CN310 8.810122 x 10'i

2357 CN268 7.47437 x 10- 2400 CN311 -6.936014 x 10- 2

2358 CN269 -1.269336 x 10-2 2401 CN312 1.055942 x 10-

2359 CN270 7.382576 x 10-4 2402 CN313 -5.584052 x 10

2360 CN271 2.161375 x 10- 6  2403 CN314 -8.871268 x 10-10

2361 CN272 1.0437.4 x 10-7 2404 CN315 1.151603

2362 CN273 -8. 674603 x 10-10 2405 CN316 6.403822 x 10'2

2363 CN274 1.09376 x 10"7 2406 CN317 3.581672 x 104

2364 CN275 0.0125 2407 CN318 -6.030332 x 10'6

2365 CN276 19.6255 2408 CN319 1.1733 x 10-7

2366 CN277 46.04 2409 CN320 0.48

2367 CN278 -17.306 2410 CN321 3

2368 CN279 0. 2411 CN322 9297.32

2369 CN280 50.95 2412 CN323 302.49

2370 CN281 -100 2413 CN324 -0.329389

2371 CN282 2414 CN325 -9516.2

2372 CN283 1.0144 2415 CN326 -0.02809

2373 CN284 0.1193 2416 CN327 -213.2

2374 CN285 1.005 2417 CN328 -19.6033

2375 CN286 1.66336 2418 CN329 9.80201

2376 CN287 74.4496 2419 CN330 1963.565

2377 CN288 -8.65985 2420 CN331 229.3648

2378 CN289 1.1 2421 CN332 -0.8

2379 CN290 1.3 2422 CN333 -2013.7783

2380 CN291 0.5 2423 CN334 -0.05005

2381 CN292 1 2424 CN335 -75.06177

2382 CN293 0 2425 CN336 0

2383 CN294 0.1 2426 CN337 0

2384 CN295 4,512 2427 CN338 0.25
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S) L-No. Symbol Value L-No. Symbol Value

2428 CN339 1 1589 CN382 -2.9438
2429 CN340 1 1590 CN383 1.4565
2430 CN341 1 1591 CN384 1.0151
2431 CN342 1 1592 CN385 6.0781
2432 CN343 0.417 1593 CN386 -4.9078
2433 CN34A 0.25 1594 CN387 30.1434 CN345 0.204 1595 CN388 0.45
2435 CN346 1 1596 CN389 0.6
2436 CN347 1 1597 CN390 20
2437 CN348 0.3 1598 CN391 0.01
2438 CN349 0.333 1599 CN392 0.1872
2439 CN350 0.25 1600 CN393 0.941
2440 CN351 0.3 1601 CN394 0.0227
2441 CN352 1 1602 CN395 0.1810
2442 CN353 0.3 1603 CN396 0.028
2443 CN354 0.5 1604 CN397 0.5
2444 CN355 0.333 1605 CN398 0.35
2445 CN356 0.333 1606 CN399 0.441
2446 CN357 0.25 1607 CN400 49,500
2447 CN358 0.4 1608 CN401 -228,300
2448 CN359 0. 8124 1609 CN402 0.007
2449 CN360 0.0124 1610 CN403 0.1
1568 CN361 0.06 1611 CN404 0.347
1569 CN362 0.1 1612 CN405 0.8
1570 CN363 1.5 1613 CN406 0.5
1571 CN364 1 1614 CN407 4
1572 CN365 100 1615 CN408 0.01
1573 CN366 -1. 54631 x 106 1616 CN409 1.0
1574 CN367 -7.10048 x 102 1617 ,N410 1.0
1575 CN368 -1.86262 x 102 1618 "N411 0.2
1576 CN369 6.46667 x 105  

1619 CN412 0.1
1577 CN370 5.9066 x 104 1620 CN413 1.0
1578 CN371 4.30895 x 101  

1621 CN414 0.75
1579 CN372 -1. 89281 x 104 1622 CN415 1.0
1580 CN373 13.0944 1623 CN416 0.1
1581 CN374 -560.19 1624 CN417 0.05
1582 CN375 51.3345 1625 CN418 0.09
1583 CN376 15.477 1626 CN419 3.0
1584 CN377 -56.6515 1627 CN420 0.549
1585 CN378 4.95646 1628 CN421 0.734
1586 CN379 3.6186 1629 CN422 4.0
1587 CN380 1.8549 1630 CN423 0.607"1588 CN381 6.8672 1631 CN424 0.824
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L-No. Symbol Value L-No. Symbol Value

S32 CN425 2.5 1675 CN468 0.0063

1633 CN426 0.340 1676 CN469 0.010481

1634 CN427 0.387 1677 CN470 0.00268

1635 CN428 0.15 1678 CN471 0.00029

1636 CN429 0.6 1679 CN472 0.00919

1637 CN430 0.35 1680 CN473 0.00371

1638 CN431 0.333 1681 CN474 0.000477

1639 CN432 0 1682 CN475 0.01174

1640 CN433 0.3 1683 CN476 0.006083

1641 CN434 0.2 1684 CN477 0.001134

1642 CN435 0.2 1685 CN478 0.3

1643 CN436 0 1686 CN479 0.05

1644 CN437 0.4 1687 CN480 I

1645 CN438 0.1 1688 CN481 0

1646 CN439 0 1689 CN482 0.6

1647 CN440 0.15 1690 CN483 2

1648 CN441 1.0 1691 CN484 10

1649 CN442 1.0 1692 CN485 60

1650 CN443 0.15 1693 CNA86 0.0025

1651 CN444 1,660 1694 CN487 0.1

1652 CN445 1.0 1695 CN488 1

1653 CN446 0.9 1696 CN489 1.5

1654 CN447 0.3 1697 CN490 1.5

1655 CN448 0.1 1698 CN491 0.47

1656 CN449 0.4 1699 CN492 0.0081

1657 CN450 1,460 1700 CN493 0.0063

1658 CN451 1. 1 1701 CN494 0.1

1659 CN452 0.5 1702 CN495 1.0

1660 CN453 0.1 1703 CN496 20

1661 CN454 1.0 1704 CN497 0.1

1662 CN455 0.567 1705 CN498 0.01

1663 CN456 0.979 1706 CN499 0.1

1664 CN457 1.5 1707 CN500 0.1

1665 CN458 4.0 1708 CN5O1 1

1666 CN459 1.75 1709 CN502 0.234

1667 CN460 0.15 1710 CN503 1.856

1668 CN461 1.0 1711 CN504 0

1669 CN462 1.5 1712 CN505 0.3

1670 CN463 1.0 1713 CN506 10

1671 CN464 1.05 1714 CN507 2

1672 CN465 1.0 1715 CN508 1

1673 CN466 1.0 1716 CN509 1.06

1674 CN467 0.0081 1717 CNS10 0.004
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L-No. Symbol Value L-No. _.Mbol Value

1718 CN511 0.016

1719 CN512 0.001

1720 CN513 0.25

1721 CN514 0.2

1722 CN515 0.57

1723 CN516 0.55

1724 CN517 0.51

1725 CN518 0.382

1726 CN519 0.5

1727 CN520 1.5365

1728 CN521 -1.2901

1729 CN522 1.5754

1730 CN523 -1.4098

1731 CN524 5

1732 CN525 0.0001

1733 CN526 0.5

1734 CN527 1.06

173-5 CN528 1.06

1736 CN529 0.05

1737 CN530 0.2

1738 CN531 0.75

1739 CN532 0.9

1740 CN533 0.125

1741 CN534 1.4

1742 CN535 0.0001

1743 CN536 0.325

1744 CN537 0.5

1745 CN538 5.15
S1746 C N539 10

1747 CN540 10
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1. Nozzle Optional Input Tables--Tables 2 thru 10 contain nozzle optional input

data in tabular form.
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Values specified in the table
.ill be used unless they ame
overridden by lnrsul.

TABLE 2

'~~? NOZZLE OPTIONAL INPUT FOR NOZZLE INSULATION DESIGN noaetr W inlbd v a blu e wi b

eiolclated aslesa a Iue
Isa Inpu

t
.

r

E11
I'is

rj ~ '
-if

S2~

126 1*~.
112 2520 1 11

2136 I 2 I0

2.2 2324 1 25
SUP J6 -- t--

IO 270 1. Iý t

i-.. - I

_jD 1  74 4....

6 5 _ 432

-LOP 4506 1 .1

_ 7.2 14-2I

SUP1 122 12, 1i...

8DN540 1I--------

148,1' 504 - 1 .~.~I

6141.2 1 *
is 684 10 2 11

aNT .... j n - PI,4/amc in. - in. in. Ia. in. in n:: F in. I

ASSIGNMENT OF STATION NUMBERS. NOZZLE

Statlion staiition

I Face of flings mating lith montor (swcept DESIG 123 and TYPNOZ .6) 6 Throat

1.1 lnteren~diaie insulation station 6.S Throst Insert. skit boundar,

1 2 Intermediate insultilon station1 71)1 Insulation bioundary. upstream side

SUP Inslition boundary ustuream side 7021 Insulation boundary. dovnnlreAnl aide
2D.14 Insulation boundary. dowortream side 7.1I Internmediate Insuaution station 5
2.1 li.ertnediate insulation station 7.2 lvtermetiiate Insilation at.Stinn

2.2 Intermnediate insulation station SUP1 Insulation boundary, upstream side

3UP Inasulation boundary upstream side SON Insul*Uion boundary downntream aide I
30N Insulation boundary. downalream side 8. 1 Intermediate Insulation statinn
3. SUP Insulation boundair). upstreamo Aide d 2 Internmediate insulation station,
3 SDN Insulation boundary. downatreum side 0 Structural boundary

4UP1 Blast 1',be i-nil TYP'NOZ ' 2. 4. ?None tip' TYPNOZ *1. 6 11 Center of Injection port on ID of nozzle

40'1 Nose tilp TYPNOZ - 1. S. 6 12 Structural boandary

"SUP Insulation boundary 14UP1 Inasulation boundary. upatreanm side
IO DX lnsulation boundatry TYPN'1.a 1,.3 5.6A,7 None Cp TYPNOZ '2.4 1Wits Inii~at.1an boundary. drsistreatnside

Tbrontlinwrn forwa~rd boundary 16.1 Inteentediate Inaubatson satuion

14.2 Intermediate I-A4atuionsatation

is Exit Plans

mxC7O t lnnen lsf
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TABLE 3

NOZZLE OPTIONAL INPUT FOR INSULATION SECTIONS

Nozzle Liner Liner Backup Backup Total
Section L-No. Code 'Wjght Code Weight Weight

1-2 702 Note1 -- Note I-...

2-3 707 7 -- 3 ..

2-3.5 712 7 -- 3 ....

3-4 717 7 -- 3 ....

3.5-4 722 7 -- 3 ....

4-5 727 7 -- 3 ....

5-7 732 Note 2 -- 3 ....

Insert 737 7 ........

7-8 742 7 -- 3 ....

8-14 747 7 -- 3 ....

14-15 752 7 -- 3 ....

The L-No. given is for the liner code. Additional L-No. are consecutive

from left to right.

The value specified will be used unless overridden by input.

See the following table for insulation material liner and backup codes.

Liner Backup
Note 1: Nozzle Type Code Code Additional Table Changes

2, 3, 4, 7 7 3 None

1, 5, 6 9 9 FSE = 1. lat 1, 2UP, 2DN, 3UP

FSC = 1.5J if not input

Liner

Note 2: Throat Code Code

1, 2, 4 4

3 7
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TABLE 4

NOZZLE OPTIONAL INPUT FOR INSULATION MATERIALS

Material Virgin Char Backup
Code Material L-No. Density Density L-No. Thickness

1 Graphite clcth phenulic 757 0.0521 0.0376 245, 0.417

2 Silica cloth phenolic 759 0.0632 0.0509 2433 0.25

3 Glass cloth phenolic 761 0.066 0.0538 2434 0.204

4 High density graphite 7Pj 0.0686 0 2435 1

5 Pyrolytic graphite 765 0.0777 0 2436 1

6 Tungsten 767 0.698 0 2437 0.3 J

7 Carbon cloth phenoln.. 769 0.0521 0.0376 2438 0.333

8 Asbestos cloth phenolic 771 0.0637 0.0509 2439 0.25

I. 9 Filled buna rubber 773 0.0464 0.023 2440 0.3

19 Carbon-carbon composite 775 0.0506 0 2441 1

11 Porous tungsten 777 0.5584 0 2442 0.3

12 Pyrolytic graphite coating 779 0.0777 0 2443 0.5

13 Available 781 0 0 2444 0.333

14 Available 783 0 0 2445 0.333

1i Available 785 0 0 2446 0.25

Units lb/cu in. lb/cu in.

The L-No. given preceding the dersity is for the virgin density. Add one to that L-No. for the corresponding

char density. The backup thickness L-No. is given preceding its value. (Backup thickness is the same as CN343

thru CN357.) The backup thickness stored is based on a 60 sec firing. Erosion for materials 13 and 14 is proportional

to the calculated erosion for material 1 by the ratios CN340 and CN341, respectively (e.g., erosion (13) = eroaion (1) *

CN340). The desired ratios must be input for CN340 and CN3-'I. Char calculation is identical to that calculated for

material 1.

Erosion for material 15 is proportional to material 2 by the ratio CN342. Char calculation is Identical to that

calculated for material 2.

L-No. Symbol Value

2429 CN340 1

243J CN341 1

2431 CN342 1
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TABLE 5

NOZZLE OPTIONAL INPUT FOR STRUCTURAL RINGS

0 0)0I 1 ..

42 2 0 C )

o-

Basembo FS X4C RC L TR M;•T

Fiange 787 1.25 2 C C C C 0.3 FL
Fixed ring 795 1.25 2 C C C C . 0.2 FR
Fixed extension 803 1.25 2 C C C C -- 0.2 FE
Movable ring 811 1.25 2 C C C C -- 0.2 MR
Movable extension 819 1.25 2 C C C C -- 0.2 ME
Exit ring 827 1.25 2 C C C C -- 0.2 ER
Gimbal ring 835 1.25 2 C C '3 C -- 0.25 GR
Forward end ring 843 1.25 2 C C C C -- 0.2 FER
Aft end ring 851 1.25 2 C C C C -- 0.2 AER
Fixed connecto- 859 1.25 2 C C C C -- 0.2 FC
Flange adapter 867 1.25 2 C C C C -- 0.2 FA
Vlexible bearing shims 875 1.25 11 -- -- --.. . .. FBS

Units .. .. in. in. in. in. lb in.

The L-No. given are for the safety factor. Additional L-No. are consecutive
from left to right.
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TABLE 6

NOZZLE OPTIONAL INPUT FOR STRUCTURAL SHELLS

0 00

0 0

..14 "d• • ) -d0 0 24 Iii' WX*i
WS 1-2 883 1.25 2 C C C C -- 0.1

WS 2-3 891 1.25 2 C C C C -- 0.1

WS 7-9 899 1.25 2 C C C -- 0.1

WS 9-12 907 1.25 2 C C C C -- 0.1

WS 7-12 915 1.25 2 C C C C -- 0.1

WS 12-15 ,23 1.25 6 C C C C -- 0.05

Units .. .. in. in. in. in. lb in.

The L-No. given are for the safety factor. Additional L-No. are consecutive

from left to right.
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TABLE 7

NOZZLE OPTIONAL INPUT FOR SPECIAL STRUCTURAL STATIONS

CS .)a =

Station 9 931 C C

Station 12 933 C C

Units in. in.

The L-No. given are for the axial location. Additional L-No. are consecutive

from left to right.
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TABLE

NOZZLE OPTIONAL INPUT FOR STLUCTURAL MATERIALS

I I I

V . C)

PST YMOD DS CYS 1ST

Maraging steel 1 0. 7r 27 x 106 215 x 103 200 x 103 0.3

180.000 ultimate steel 2 ,' 940 .- 29 x 106 I80 x 103 179 x 103 0.3 -

90,000 ntinlat- steel 3 5 O x 106 9 W xo 0 70 x T03 .:.
S. . ..... .. . ..45 0. ,~ go . 7 x

6AI-4V Titanium 4 950 0.160 x 106 no x 103 15-5 x 103 0.31

7075-T652 Aluminum 5 a 955 0. 101 lu.1.5 x 106 70 x 03 63 x 103 0.33

Structural fiberglass 6 I 160 0.070 4 x 10 6  1 60 " 103 45 x - 0- -. 25

-- _ 4-olybdeum .... 8- 970: . 368 '47 x 10 ! 90 -10 90x10 0.3

Colbium 975 0.310 1•5 x 106 40 40 x 103 0.3

30 stilsVtel- 1 19 0. 28r, 28 x 106r 125 x 103 55 x 10- 0.3177P te 1 95 0.276 29 x 106 ,[170 x103 3 6x0 .

Waspaloy q x-0.1x06 180x103  112 x 103  0.31

.- a.vaila_, ble .. .- J 14 1000 0 i 0 0 .1 0 i' 0

available - 17 1017, 0 0 0 0

_-• av-ailable_ 16 1010 " 0 0 1 00

"--•{--Iavailable-- 17 0 . .. F ... •.. i . .. . .. I.. .0

Flexible seal elistiomer is 1020 '0.047 24 500 .............. _.

Units lb/cu in. psi Psi psi

The L-No. given are for the density. Additional L-No. are consecutive

from left to right.

73

---- , .. ........-



TABLE 9

NOZZLE OPTIONAL INPUT FOR
SPECIAL INSULATION RINGS

1' 0 '0 '0

-ý

.. 45

Base Symbol XC RC LA TR

Splitline insulator 1025 * C C C C -- SLI

Cavity insulator 1031 * C C C C -- CI

Splitline filler 1037 ** C C C C -- TRI

Fixed adapter insulator 1043 * C C C C -- Al

Exit ring insulator 1049 * C C C C -- ERI

Fixed ring insulator 1055 *** C C C C -- FRI

Units -- in. in. in. in. lb

The L-No. rtven are for the material code. Additional L-No. are consecutive

from teft to right.

* Uses backup code at 7-8 in Table 3 if not input.
**DESIG 252 uses backup code at 5-7 in Table 3; if not

input, other DESIGS uses backup code at 7-8.
• ** Uses liner code at 3-4 in Table 3 if not input.

74



TABLE 10

NOZZLE OPTIONAL INPUT FOR
SPEC.IAL MATERIALS AND EXIT RING WALLS STATIONS

Special Materials

Definition L- No. Value Units

Density of homeycomb core 1061 0.00266 lb/cu in.

Honeycomb inner facing material code 1063 10 10

Honeycomb outer facing material code 1064 10

Honeycomb structure is obtained by specifving a structural material code

of 20 in Table 6

Exit Ring Walls

Fortran
L-No. Symbol Definition Value Symbol

1065 TBWL Wall thickness, axial (C) in. TBWL

1066 THWL Wall thickness, radial (C) in. THWL
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TABLE 11

NOZZLE OPTIONAL INPUT FOR PINTLE NOZZLE DESIGN

Insulation*
Safety Material or

Symbol Definition L-No. Factor Code Structural Weight

PNT Pintle 1396 1.25 6 --

SRT Insert 1399 1.25 6 I --

IN Insert insulation 1402 1.5 7 I --

CB Csnterbody 1405 1.5 1 I --

SS Sliding seal 1408 1.25 12 S --

PL Pintle liner 1411 1.5 10 I --

PIN Pintle insulation 1414 1.5 7 I --

SM Structural member 1417 1.25 2 S --

PH Pintle housing 1420 1.5 7 I --

ACTPST Actuator piston 1423 1.25 11 S

ACTH Actuator housing 1426 1.25 11 5

CSS Center shaft structure 1429 1.25 2 5

CSI Center shaft insulation 1432 1.5 7 I --

MH Movable housing 1435 1.25 2 S --

CBWS Centerbody wall structure 1438 1.25 2. S --

CBWI Centerbody wall insulation 1441 1.5 7 I --

CBDS Centerbody dome structure 1444 1.25 2 5

CBDI Centerbody dome insulatior 1447 1.5 7 1

STTS Strut structure 1450 1.25 2 5

STTI Strut insulation 1453 1.5 7 1

SSR Strut support ring 1456 1.25 2 5

The L-No. given is for the safety factor. Additional L-No. are cons,.cutive from left to right excluding the

insulation or strLcture column.

* I means the material specified by the material code is found in the insulation materials ta ,e.

S means the material is found in the structural materials table.
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3. TORQUE INPUT

a. Nozzle Torque Optional input

Fortran

L-No. Symbol Definition Value Symbol

5750 CTR1 O-ring friction coefficient due to 2.5 CTR1
compression

5751 PBP1 Ratio of base to free stream 0.5 PBP1
static pressure

5752 MU Friction coefficient (steel on 0.05 XMU
Teflon)

5753 TAMP Internal aerodynamic torque (C)* TAMP
amplification factor

Equation Constants

Fortran

L-No. Symbol Definition Value Symbol

5754 TFT2 Friction torque multiplier 2 TFT2
(subsonic split external/
ball and socket)

5755 TFT2S Friction torque multiplier 2.5 TFT25
(subsonic split external,
submerged and external
SSSL/gimbal)

5756 TFT1 Friction torque multiplier 1 TFT1
(integr'l movable, sub-
merged and external
SSSL/gimbal)

5757 GMAX Nozzle movable portion 1 GMAX
acceleration

5758 CT2 Gravitational torque 0 CT1

5759 CT2 ]?lexible bearing seal torque 0.15 CT2
multiplier for boot torque

*C indicates that if value is not input, it will be calculated in the program.
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Fortran
L-No. Symbol Definition Value Symbol

5760 CT3 Effective shear modulus for -0. 2595 x 10- CT3
steel shims

5761 CT4 Effective shear modulus for -0.29 x 10-6 CT4
glass shims

5762 CT5 Flexible bearing boot torque 1 CT5

5763 CT6 Flexible bearing boot torque 0 CT6

4. LIQUID INJECTION INPUT

&. Liquid Injection Performance Routine Input

Fortran
L-No. Symbol Definition Value Symbol

2020 -- TVC 1 BATVC

= 0, biaxial TVC is not
required

=1, biaxial TVC is required

2021 Method OPTMTD

TYPINJ 1, 2, 3, 4 1
TYPINJ 5-11 2
= 1, standard method
= 2, alternate method

2022 TYPINJ Injectant 4 TYPINJ

=1, Freon 113
-2, Freon 114B2
=3, Freon 11412
=4, N20 4

=5, Sr (C104)2 + H2 0

=6, Pb (C104)2 + H2 0

=7, Sr (C10 4 )2 +CH 3 OH

=8, Sr (C104)2 + C2H 5OH

=9, N2 H4

=10, UDMH
=11, 50-50 N2 H4 /UDMH
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The following three parameters are input only if standard method is requested.

Fortran
L-No. Symbol Definition Value Symbol

2023 NQUADU Number of quadrants being 4 XNQ

utilized

2024 DTIME Integration interval 1 sec DTIME

2025 BETA-Q Angle spanned per quadrant by 75 deg BETA
injectant ports

The following seven parameters are input only if the alternate method of

calculation is specified. If they are not input here, they will be set from data in
the duty cycle.

Forti an

L-No. Symbol ._inition Value Symbol

2026 DEL-AVG Average thrust deflection angle 0 deg DELAVG
of duty cycle

2027 FS/FPV-A Ratio of side force to primary 0 FSFAAV
vacuum thrust at average thrust
deflection angle

2028 FS/FPV-M Ratio of side force to primary 0 FSFAMX
vacuum thrust at maximum thrust
deflection angle

2029 WDOTP-MAX Maximum flow rate of primary 0 lb/sec WAMXDT
motor

2030 ISPVAC Primary motor vacuum specific 0 sec XISPPM
impulse

2031 IV Total vehicle vacuum thrust 0 lb-sec XIV
impulse

2032 KDELT Ratio of control thrust impulse 0 XKDEL
to total vehicle vacuum thrust
impulse
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LITVC Actuation

L-No. Symbol Definition Value Symbol

2040 -- Hydraulic fluid 0 CNTFLD

-0, injectant not used
as hydraulic fluid

=1, injectuat used as
hydraulic fluid

2041 Pressurizati.on 0 PRESTP

=0, select minimum weight
system

=+1, warm gas pressurization
-1, integral warm gas

pressurization
=+2, cold gas pressurization

=-2, integral cold gas
pressurization

2042 Actuator 0 TLITVC
=0, select minimum weight

system
=1, warm gas motor pump
=2, electric motor pump
=3, cold gas blowdown
=4, warm gas blowdown
=5, electromechanical

2043 Cold gas tank shape 0 TCGSHP

=0. select minimum weight
=1, spherical tank

2, toroidal tank
2044 Injectant tank shape 0 TNKSHP

=0, select minimum weight
tank

=1, spherical tank
=2, toroidal tank

2045 Tank material 0 TNKMAT

=0, select minimum weight
=1, steel tanks
-2, titanium tanks
=3, fiberglass tanks
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b. Liquid Injection Performance Optional Input

Fortran
L-No. Symbol Definition Value Symbol
S230 NPV Number of pintle injector (C)* PVQN

valves utilized per quadrant

3231 1F Control thru..t impulse (C) sec XIF

3232 KONE Empirical constant to determine 0.03 XKBT
unexpendable injectant

3233 KTWO Empirical constant to determine 0.03 XKPB
injectant total requirements

3234 KTRI Empirical constant to determine 0.1 XKUL
injectant total requirements

LITVC Actuation

Fortran
L-No. Symbol Definition Value Symbol

4180 CV Orifice coefficient for pintle 0.98 CVP

4181 SF Safety factor for injectant tank 1. 5 FSIT

4182 SFCG Safety factor for cold gas tank 1.5 FSCGT

4183 FU Ultimatz- tensile strength of 100, 000 FUL
tubir.- psi

4184 FUG Ultimate strength of warm 27,000 FUWGL
gas tubing psi

4185 FY Yield strength 60, 000 FYL
psi

4186 FYG Yield strength of warm gas 17,000 FYWGL
tubing psi

4137 HAD Adiabatic head 556, 000 HADL

ft
4188 MW Molecular weight of warm gas 19.24 XMWWG

4189 NSFGT Safety factor for gas tubing 4 FSGL
4190 NSFIT Safety factor for injectant tubing 4 FSIL

4191 NSFT Safety factor for hydraulic 4 FSHL
tubing

*C indicates that if value is not input, it will be calculated in the program.
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LITVC Actuation (Cont)

Fortran
L-No. !_itmbol Definition Value.....ol

4192 PA Atmospheric pressure 14..7 PAMB

psi

4193 PLINE Pressure loss in injectant lines 25 psi PRESL',

4194 PSU Hydraulic supply pressure 3,000 PS
psi

4195 PFREE Nozzle free stream pressure at 25 psi PFREE
injector

4196 TI Temperature of injectant 530 TEMI
(initial)

4197 VHO Velocitoy of hydraulic oil 240 VELHO
in. /sec

4198 VINJ Velocity of injectant flow 200 VELINJ
ft/sec

4199 WPT Weight of pressure transducers 1 lb WPT

4200 ETAMP Efficiency of warm gas motor 0.35 ETAMP
pump

4201 RHOG Density of warm gas 0.000463 RHOG
lb/cu in.

4202 RHOH Density of hydraulic oil 0.03 lb/ RHOH
cu in.

4203 RHO1T Density of steel tank 0.283 lb/ RHOTTB (1)
material cu in.

4204 RHO2T Density of titanium tank 0.17 lb/ RHOTTB (2)
material cu in.

4205 RHO3T Density of fiberglass tank 0.07 lb/ RHOTTB (3)
material cu in.

4206 SUl Ultimate strength for steel 232,000 SUITAB (1)
tank psi

4207 SU2 Ultimate strength for titanium 110, 000 SUITAB (2)
tank psi

4208 SU3 Ultimate strength for fiber- 92, 000 SUITAB (3)
glass tank psi
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TABLE 13 TBUI3(61)

FREON FORCE RATIO VS FLOW RATIO PERFORIvLANCE

No. of ;njectors Per Quadrant

1 3 5
"WDOTS/

L-No. FS/FPV L-No. FS/FPV L-No. FS/FPV L-No. WDOTP

3241 0 3256 0 3271 0 3286 0

3242 0.0095 3257 0.0095 3272 n.0095 3287 0.02

3243 0.0205 3258 0.022 3273 0.0227 3288 0.05

3244 0.0275 3259 0.03 3274 0.0305 3289 0.07

3245 0.0338 3260 0.0374 3275 0.0382 3290 0.09

3246 0.0398 3261 0.044 3276 0.0455 3291 0.11 1

3247 0. 0452 3262 0.0497 3277 0.052 3292 0.13

3248 0.0498 3263 0.055 3278 0.0584 3293 0.15

3249 0.0535 3264 0.06 3279 0.064 3294 0.17

3250 0.0567 3265 0.0642 3280 0.0687 3295 0.19

3251 0.058 3266 0.066 3281 0.0702 3296 0.20

L-No. Definition Velue i

3240 Number of WDOTS/WDOTP values in table. 11

Maximum number of points = 15
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TABLE 14 TBLI4(186)

N.,04 FORCE RATIO VS FLOW RATIO PERFORMANCE 9

No. of Injectors
1 2 3

WDOTS/ WDOTS/ WDOTS/
L-No. FS/FPV L-No. WDOTP 1.-No. FS/FPV L-No. WDOTP L-No. FS/FPV L-No. WDOTP

13302 0. 3317 0. 3333 0. 3348 0. 3364 0. Z379 0.
3303 0.005 3318 0.004 3334 0.007 3349 0.0048 3365 0.0115 3380 0.008
3304 0.0115 3319 0.01 3335 0.018 3350 0.015 3366 0.0203 3381 0.016
3305 0.017 3320 0.017 3336 0.024 3351 0.022 3367 0.028 3382 0.024
3306 0.023 3321 0.026 3337 0.033 3352 0.034 3368 0.038 3383 0.036
3307 0.029 3322 0.037 3338 0.042 3353 0.048 3369 0.051 3384 0.054
3308 0.0327 3323 0.045 3339 0.0bl 3354 0. 064 3370 0.06 3385 0.068
3309 0.038 3324 0.06 3340 0.056 3355 0.074 3271 0.067 3386 0.08
3310 0.0402 3325 0.067 3341 0.061 3356 0.086 3372 0.075 3387 0.095

3.342 0.064 335? 0.094 337.1 0.0822 3388 0.112

No. of Injectors

4 5 6
"WDOTS/ WDOTS/ WDOTS/

L-No. FS/FPV L-No. WDOTP L-No. FS/FPV L-No. WDOTP L-ro FS/FPV L-No. WDOTP

3395 0. 3410 0. 3426 0. 3441 0. 3457 0. 3472 0.
3396 0.0115 3411 0.008 3427 0.0115 :3442 0.008 3458 0.0115 3473 0.008
3397 0.021 3412 0.016 3428 0.021 3443 0.016 3459 0.021 3474 0.016
3398 0.029 341:1 0.024 3429 0.0295 :1444 0. 024 3460 0.03 3475 0.024
3399 0.039 3414 0. 035 3430 0.04 3445 0.035 3461 0.04 3476 0.0,34
3400 0.05 3415 0.049 3431 0.0525 3446 0.05 3462 0.056 3477 • 0.052
:1401 0.06 3416 0.063 3432 0.0645 3447 0.066 3463 0.068 3478 .0.066,

3402 0.068 3417 0.075 3433 0.075 :1448 0.0815 3464 0.076 3479 0.077 /
3403 0.079 3418 0.093 3434 0.086 :1449 0.09q .465 0.0885 3480 0.095
3404 0.085 3419 0.1045 :1433 0.097 :1450 0.119 3466 0.095 34,1 0.105
3405 0.092 3420 0.119 3436 0.106 3451 C. 137 3467 0.109 3482 • 0.129 4"
3406 0.0963 3421 0.13 :1437 0.1118 3452 0.1 3468 0.118 3483 0.146

3438 0.1155 3453 0.161 346, 0. 125 3484 0.161
.3470 0.13 34S5 0.173

L-No. Definition

3:101 No. of pointe corresponding to I injector - 9
3332 No. of points corresponding to 2 injectors - 10
:1363 No. of points correspending to 3 injectors - 10
3394 No. of points corresponding to 4 injectors - 12
31425 No. of pointe corresponding to 5 injectors - 13
3456 No. of points corresponding to 6 injectors - 14

Maximum No. of points 15
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TABLE 16 TBL 11(186)

N,0 4 FORCE RATIO S SECONDARY SPECIFIC IMPULSE PERFORMANCE

No. of Injectors

1 2 3

L-No FS/'FPV L-No. ISPS L-No. FS/FPV L-No. ISPS L-No. FS/FPV L-No. ISPS

:1581 0.008 3596 322 3612 0.008 3627 322 364:3 0.008 3658 322
:1582 0.009 :1597 294 3613 0.011 3628 304 3644 0.0135 :3659 304
:3583 0.011 3598 272 3614 0.017 3629 277 :3645 0.0200 3660 286
:3584 0.015 :1599 240 3615 0.023 3630 254 3646 0.0285 3661 264
:3585 0.020 3600 210 3616 0.029 3631 235 3647 0.0365 3662 246
:1586 0.025 3601 188 :1617 0.037 3632 212 :3648 0.0470 3663 224
3587 0.028 3602 178 3618 0.045 3633 192 3649 0.0600 3664 200

3619 0.050 3634 180 3650 0.0720 :3665 180

No. of Injectors
!5 6

L-Nc FS/FPV I.-No. ISPS L-No. FS/FPV L-No. ISPS L-No. FS/FPV L-No. ISPS

3674 0.008 3689 322 3705 0.008 :3720 322 3736 0.008 3751 322
:3675 0.0185 3690 296 3706 0.018 3721 302 :3737 0.018 :3752 :301
:3676 0.0250 3691 282 3707 0.0255 3722 288 :3738 0.024 :175:1 293
3677 0.0340 :3692 264 3708 0.0350 3723 272 :3739 0.031 3754 2M.'
:3678 0.0485 :3693 238 3709 0.0460 3724 254 3740 0.040 :1755 270 i
3679 0.0630 :1694 214 3710 0.0600 3725 233 :374; 0.1:39 "1756 1:18
3680 0.0870 :3695 178 3711 0.1020 3726 172

L-No. Definitlon Value j
:358() No. of points correspmding to 1 injector - 7
3611 No. of points corresponding to 2 injectors 8
:1&12 No. of points corresponding to 3 injectors 8
3673 No. of point, corresponding to 4 injectors 7
"3704 No. of point% corrcsponding to 5 injectors 7 7
3735 No. of points corresponding to 6 injectors 6

Maximum No. of points 15
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TABLE 17 TBLI12(62)

Sr (CIO4)2 + H20 FORCE RATIO
VS SECONDARY SPECIFIC IMPULSE PERFORMANCE

(70 to 74 Weight Percent) A

No. of Injectors

1 3

L-No. FS/FPV L-No. ISPS L-No. FS/FPV L-No. ISPS

3767 0.009 3782 170 3798 0.009 3813 230

3768 0.011 3783 157 3799 0.013 3814 210

3769 0.015 3784 141 3800 0.019 3815 186

3770 0.019 3785 128 3801 0.0235 3816 170

3771 0.025 3786 112 3802 0.031 3817 148

3772 0. 0315 3787 100 3803 0.036 3818 136

3773 0. 0405 3788 86 3804 0.0435 3819 122

3774 0.0490 3789 76 3805 0.049 3820 115

3806 0.058 3821 106

3807 0. 0685 3822 98

L-No. Description Value

3766 No. of points corresponding to 1 injector = 8

3797 No. of points corresponding to 3 injectors = 10

Maximum No. of points =15
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TABLE 18 TBLI13(62)

Pb (C104)2 + H20 FORCE RATIO
VS SECONDARY SPECIFIC IMPULSE PERFORMANCE

(70 to 74 Weight Percent)

No. of Injectors

1 3

L-No. FS/FPV L-No. ISPS L-No. FS/FPV L-No. ISPS

3829 0.009 3844 150 3860 0.012 3875 192

3830 0.011 3845 142 3861 0.017 3876 174

3831 0.014 3846 132 3862 0.023 3877 156

3832 0.020 3847 117 3863 0.029 3878 140

3833 0.027 3848 103 3864 0.0345 3879 128

3834 0.038 3849 86 3865 0.041 3880 116 )
3835 0.049 3850 72 3866 0.0475 3881 108

L-No. Description Value

3828 No. of points corresponding to 1 injector = 7

3859 No. of points corresponding to 3 injectors = 7

Maximum No. of points = 15
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TABLE 19 TBLI14(31)

Sr (C104)2 + C2H5OH FORCE RATIO
VS SECONDARY SPECIFIC IMPULSE PERFORMANCE

(One Injector)

L-No. FS/FPV L-No. ISPS

3891 0.01 3906 223

3892 0.013 3907 209

3893 0.018 3908 190

3894 0.025 3909 169

3895 0.033 3910 147

3896 0.039 3911 133

3897 0.047 3912 117

3898 0.053 3913 108

L-No. Description Value

3890 No. of points in Table = 8

Maximum No. of points = 15
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TABLE 20 TBLI15(31)

Sr (C10 4 )2 + CH3OH FORCE RATIO
VS SECONDARY SPECIFIC IMPULSE PERFORMANCE

(One Injector)

L-No. FP/FPV L-No. ISPS

3922 0.01 3937 15U
3923 0.013 3938 144
3924 0.017 3939 133
3925 0.023 3940 119
3926 0.03 3941 105
3927 0.037 3942 92
3928 0.045 3943 80
3929 0.052 3944 72

L-No. Descilytion Value

3921 No. of points in Table = 8

Maximum No. of points =15

TABLE 21 TBLI5(15)

INJECTANT DENSITIES

L-No. Density (lb/cu ft) Injectant

3952 98 FREON 113
3953 134 FREON 114B2
3954 168 FREON 11412
3955 89 N2 0 4

3956 130 Sr (C1O 4 )2 + H2 0
3957 162 Pb (C10 4 )2 + H2 0
3958 105 Sr (C10 4 )2 + CH 3OH
3959 97 Sr (CI04 )2 + C2 H3 OH

3960 63 N2 H4
3961 49 UDMH
3962 56 50-50 (N2 H4 , UDMH)

Maximum No. of point, 15 I
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5. HOT GAS PERFORMANCE INPUT

a. Hf- !..s Routine input

Fortran

L-No. Ymbol Definition Value Symbol

2000 V A.LXi Valve type -- HGVAL

=1, ablative pintle,sonic injection

=2, ablative pintle,

3upersonic injection
=3, ablative pintle, sonic

injection (PL)
=4, noneroding pintle,

supersonic injection
:Z, nonerodiug pintle, sonicinjection (PL)
=6, jet pilpe valve, sonic

injection
-7, jet piii valve,

supersonic injection
-.8, rotating cylinder valve

2001 ETAV Valve cyclic rate cps ETAV

2002 ALi Pintle type -- ALX

=1, pressure balanced pintle
=2, nonpressure balanced pintle

2003 AT1  Actuator type ATX
iI

=1, conventional actuation
=2, reverse actuator

2004 BM1  Pintle type BMX

=1, pintle without balancing
=2, pintle balanced with

chamber pressure i
=3, pintle balanced with pintle

tip pressure

2005 ECi Exit configuration approximation E X

=1, conical exit
=2, contour exit

(local angle)

4:3, contour exit (average angle)
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Fortran

L-Nc- Symbol Delinition Value Symbol (.9
2006 PTi Pintle type -- PTX

=1, clearance type pintle
=2, seating type pintle

2007 SO S.ervoactuator -- Sox
=1, 3 way servoactuator
=;,3A, 4 way servoactuator

2008 MMI Fintle mounting -- XMrX

= 1, externally mounted
pintle valve

=2, closure mounted
pintle valve

:-3, leg mounted
pinztle valve

=4, plenum mounted
pintle valve

2009 AO Geometric orifice flow area sq in. AOI
(input only if desired to
duplicate performance of
an exieting valve) ) m

b. Hot Gas Optional Inp~ut

Fortran
L-No. Symbol Definition Value -Symbol
2450 ALPHACAPO Flag to specify method of calcu- 1 ACAPO

lating thermal diffusivity for
actuator cap insulation

=1, calculate using average
of thermal diffusivity

=' calculate using average
of temperature

2451 ALPHACAPi Flag to specify material used in 8 ACAPX
actuator cap insulation

=4, other
=5, silica cloth
=6, carbon cloth
--7, arbestos

=i, V-44
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Fortran
L-No. ymbo Definition Value......ol

2452 ALPHAHOUO Flag to specify method of calcu- 1 AHOUO
lating thermal diffussvity for
valve housing

=1, calculate using average
of thermal diffusivity

=2, calculate using average
of temnperature

2453 ALPHAHOUi Flag to specify material used in 5 AHOUX
valve housing

=4, other
=5, silica cloth
=6, carbon cloth
=7, asbestos
=8, V-44

2454 ALPHALEGO Flag to specify method of calcu- 1 ALEGO
lating thermal diffusivity for

4 leg insulation

=1, calculate using average
of thermal diffusivity

=2, calculate using average
of temperature

2455 ALPHALEGI Flag to specify material used in 5 ALEGX
leg insulation

=4, other
=5, silica cloth
=6, carbon cloth
-7, asbestos
=8, V-44

2456 ALPHAUNO Flag to specify method of calcu- 1 ALINO
lating thermal diffusivity for duct
Insulation

=1, calculate using average
of thermal diffusivity

=2, calculate using average

of temperature
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Fortran
L-No. Symbol Definition Value Symbol

2457 ALPHALINi Flag to specify material used in 6 ALINX
duct insulation

=4, otherI=5, silica cloth
=6, carbon cloth
-7, asbestos
=8, V-44

2458 ALPHAS Valve orifice exit angle 3 deg ALPHAS

2459 ALPHATIPO Flag to specify method of calcu- 1 ATIPO
lating thermal elffusivity for
pintle tip shell

=1, calculate using average
of thermal diffusivity

=2, calculate using average
of temperature

2460 ALPHATIPi Flag to specify material used in 1 ATIPX
pintle tip shell

=1, tumgsten -
=2, molybdenum
=3, tantalum
=4, other
=5, silica cloth
=6, carbon cloth
=7, asbestos
=8, V-44

2461 BEX Bypass nozzle expansion angle 0 deg BEX

2462 CDP Sonic discharge coefficient 0.99 CDP
(primary nozzle)

2463 CDV Valve flow coefficient (C) CDV
2464 CMS Secondary nozzle flow coefficient 0.854 CMS

2465 CSTARP Characteristic velocity 5, 200 CSTARP
(primary flow) ft/sec

2466 CSTARS Characteristic velocity 5, 200 CSTARS

(valve flow) ft/sec
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Fortran
L-No. Symbol Definition Value Symbol

2467 DNi Nozzle throat diameter (flag) 2 DNX

=1, initial nozzle throat
diameter

=2, average nozzle throat
diameter

=3, final nozzle throat diameter
=4, nozzle throat diameter at

DEL-M3

2468 dt Time Increment for integrations 0. 05 DTIME
sec

2469 EDPT Pirtle tip erosion rate 0.025 EDPT
in. /sec

2470 EPSD Area ratio, duct to valve orifice 3 EPSD

2471 EPSV-N Injection angle measured between 90 deg EPSVN
the valve centerline and the
upstream nozzle wall surface

2472 ERRDL Erosion rate of duct liner 0.01 ERRDL
S• in. /sec Z'-

2473 ETA-NS Injection port flow coefficient 0.96 ETANS

2474 CFB Bypass nozzle thrust coefficient (C) CFB
2475 GAMMAP Ratio of specific heats for nozzle 1.18 GAMM '-P

exhaust

2476 GAMMAS Ratio of specific heats (valve gases) 1.18 GAMMAS

2477 GPRIME Empirical constant 0.7 GPRIME

2478 OPTION Flag 1.0 OPTION

=1, use iterative method for
ETA-A

=2, direct calculation for

ETA-A J

2479 PERCENTLE Percent leakage 5% PERCNT

7480 RHOC Approximate density of composite 0.1 RHOC
closure material lb/cu in.

2481 RHOLIN Density of duct liner material 0.0652 RHOLIN
lb/cu in.
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Fortran
L-No. Symbol Definition Value Symbol-I

2482 RHOSH Density of duct shell material 0. 176 RHOSH
lb/cu in.

2483 REX/DSTARP Valve orifice radius divided by (C) RXDSP
nozzle throat diameter

2484 ST Tensile strength of duct shell 93,000 ST

lb/sq in.

2485 TB Time to web burnout (C) sec TB

2486 TF Gas flame temperature 6, 140- R TF

S2487 TIC Initial cap backside tem perature 5400 R TIC

2488 TIH Initial housing backside temperature 5400 R TIH

2489 TIL Initial leg backside temperature 5400 R TI!.

2490 TIP Initial backside pintle tip 5406 R TIP
temperature

2491 TOC Final cap backside temperature 6600 R TOC
2492 TOH Final housing backside temperature 9000 R TOH

2493 TOL Final leg backside temperature 6600 R TOL )
2494 TOP Final backside pintle temperature 1, 4600 R TOP

2495 XMACHS Valve injection Mach number 1.0 XMACHS

2496 N Propellant burn rate exponent 0. 3 XNPEX i

2497 NV Number of hot gas valves 4.0 XNV

2498 TFV Hot gas valve flow time (C) sec TFV
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c. Hot Gas Optional Input Constants

L-No. Symbol Value L-No. Symol Value

2510 CHG1 2 2538 CHG29 I

2511 CHG2 1 2539 CHG30 1

2512 CHG3 0 2540 CHG31 0.1

2513 CHG4 0.375 2541 CHG32 1

2514 CHG5 4 2542 CHG33 1

2515 CHG6 0 2543 CHG34A 2.1

2516 CHG7 0 2: 4 CHG34B 1.1

2517 CHG8 1.2 2545 CHG36 1

2518 CHG9 0 2546 CHG37 1

2519 CHG1O 0 2547 CHG38 1 '

2520 CHG11 2 2548 CHG39 20

2521 CHG12 16 2549 CHG40 0

2522 CHG13 0 2550 CHG41 0

2523 CHG14 0 2551 CHG42 1

2524 CHG15 0 2552 CHG43 1

2525 CHG16 2.5 2553 CHG44 0 in.

2526 CHG17 0.7 2554 CHG45 0.2

2527 CHG18 0.43 2555 CHG46 1.1

2528 CHG19 1 2556 CHG47 3

2529 CHG20 0.95 2557 CHG48 0.4 in.

2530 CHG21 0.5 2558 CHG49 1 in.

2531 CHG22 0 2559 CHG50 0 in.

2532 CHG23 0.005 2560 CHG51 1

2533 CHG24 4 2561 CHG52 0. 1 in.

2534 CHG25 1.2 2562 CHG53 90, 000 lb/cu in.

2535 CHG26 1 2563 CHG54 0.5 in.A

2536 CHG27 1 2564 CHG55 0 in.

k 2537 CHG28 1 2565 CHG56 1.3
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L-No. Symbol Value L-No. Symbol Value .

2566 CHG57 0. 55 in. 2574 CHG65 0

2567 CHG58 2 in. 2575 CHG66 1

2568 CHG69 1.5 2576 CH' 67

2569 CHG60 0.5 2577 CHO Y•.$

2570 CHG61 0.25 ins. 2578 CHG69 0.3 in.

2571 CHG62 0 2579 CHG70 1

2572 CHG63 1 2580 CHG71 1

2573 CHG64 0

d. Hot Gas Input Data Tables--Additional hot gas input data are included ifi Tables 22

thru 36.

TABLE 22 "THG1(31)

RkTIO OF PINTLE DIAMETER TO VALVE ORIFICE DIAMETER
VS VALVE ORIFICE DIAMETER FOR NONERODING VALVE -

Valve Orifice Dia Pintle Dia/Valve Orifice Dia
L-No_ . (in.) L-No. (in.)

2601 0.00 2616 2.000
2602 0.25 2617 1.650
2603 0.50 2618 1.545
2604 1.00 2619 -"3
2605 1.50 2620 .. 57
2606 2.00 2621 1.310
2607 3.00 2622 1.242
2608 4.00 2623 1.201
2609 5.00 2624 1.172
2610 6.00 2625 1.152
2611 7.00 2626 1.140
2612 8.00 2627 1.125
2613 9.00 2628 1.110
2614 20.00 2629 1.100

L-No. Definition Value

2600 Number of pairs in the table. 14
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TABLE 23 THG2(31)

RATIO OF PINTLE DIAMETER TO VALVE ORIFICE DIAMETER
VS VALVE ORIFICE DIAMETER FOR ABLATIVE VALVE

Valve Orifice D.ia Pintle Dia/Valve Orifice Dia 41
L-No. (in.) L-No. (in.)

2632 0.00 2647 4.000
2633 0.50 2648 2.000 ,
2634 1.00 2649 1.810
2635 1.50 2650 1.652
2636 2.00 2651 1.525
2637 2.50 2652 1.421
2638 3.00 2653 1.348
2639 3.50 2654 1.300
2640 4.00 2655 1.261
2641 5.00 2656 1.207

2642 6.00 2657 1.168
2643 7.00 2658 1.140
2644 8.00 2659 1.125
2645 9.00 2660 1.110
2646 20.00 2661 1.100

L-No. Definition Value

2631 Number of pairs in the table. 15

TABLE 24 THG3(21)

VALVE EXPERIMENTAL FLOW COEFFICIENT VS RATIO OF
VALVE GEOMETRIC AREA TO ORIFICE GEOMETRIC AREA

Valve Experimental
L-No. Valve Area/Orifice Area L-No. Flow Coefficient

2663 0.00 2673 1.000
2664 0.20 2674 0.994
2665 0.40 2675 0.980
2666 0.60 2676 0.942
2667 0.80 2677 0.868
2668 1.00 2678 0.766

L-No. Definition Valuee

2662 Number of pairs in the table. 6
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TABLE 25 THG4(31)

O-RING CROSS SECTION VS PINTLE DIAMETER
(Step. Function)

Pintle Diameter O-ring Cross Section
SL-No. (in.) L-No. (in.)

2684 0.14 2699 0.070

26F5 0.45 2700 0.070

2686 0.45 2701 0.103

2687 0.85 2702 0.103

2688 0.85 2703 0.139

2689 1.65 2704 0.139
2690 1.65 2705 0.210

2691 4.70 2706 0.210

2692 4.70 2707 0.275

2693 300.00 2708 0.275

L-No. Definition Value

2683 Number of pairs in the table. 10

TABLE 26 THG5(46)

PRESSURE BALANCING CONSTANTS

Pressure Ratio Pressure

L-No. AV/AO L-No. Multiplier L-No. Modifier

2715 0.0 2730 0 2745 0

2716 0.1 27"01 0 2746 0.07

2717 0.2 2732 0 2747 5.16

2718 0.3 2733 0 2748 0.26

2719 0, 4 2734 0 2749 0. 375

2720 0.5 2735 0 2750 0. 5 I
2721 0.6 2736 0 2751 0.63
2722 0.7 2737 0 2752 0.735

2723 0.8 2738 0 2753 0.830

2724 0.9 2739 C 2754 0.940

2725 1.0 2740 0 2755 1.0

L-No. Definition Value

2714 Number of triplets in the table. 11
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TABLE 28 THG7(31)

O-RING GLAND LENGTH VS PINTLE DIAMETER

Line No. Pintle Diameter (in.) L-No. O-ring Gland Length (in.)

2852 0.000 2867 0.5072853 0.364 2868 0.507
2854 0.364 2869 0.545

2855 0.734 2870 0.545
2856 0.734 2871 0.604
2857 1.484 2872 0.604
2858 1.484 2873 0.724
2859 4.475 2874 0.724
2860 4.475 2875 0.779
2861 1,000.000 2876 0.779

L-No. Definition Value

2851 Number of pairs in the table. 10

TABLE 29 THG8(41)

RATIO OF FEEDBACK LENGTH TO MAXIMUM THEORETICAL STROKE
VS MAXIMUM THEORETICAL STROKE FOR ABLATIVE PINTLE

L-No. Max Theoretical Stroke (in.) L-No. Feedback Length/Total Stroke

2883 0.0 2903 20.00
2884 0.1 2904 10.00
2885 0.2 2905 8.00
2886 0.3 2906 7.00
2887 0.4 2907 6.20
2888 0.5 2908 5.60
2889 0. 7 2909 4.70
2890 0.9 2910 4.10
2891 1.1 2911 3.55
2892 1.3 2912 3.15
2893 1.5 2913 2.85
2894 1.7 2914 2.60
2895 2.0 2915 2.30
2896 2.5 2916 2.05
2897 3.5 2917 1.85
2898 5.5 2918 1.60
2899 6.5 2919 1.50
2900 8.0 2920 1.40
2901 12.0 2921 1.40

L-No. Definition Value

28S2 Number of pairs in the table. 19
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TABLE 30 T110(41)

ABl.ATIVE PINTLE VALVE WEIGHT VS VALVE FLOW RATE (PER VALVE) FOR
LEG, CLOSURE, OR PLENUM MOUNTED PINTLE VALVE0

Mean Valve Flow Rate Valve Weight
L-No. (Ib/aec) L-No. Log (Ib)*

2924 1.0 2944 0.3617
2925 2.0 2945 0.5798
2926 3.0 2946 0.6990
2927 4.0 2947 0.7853
2928 6.0 2918 0.8633
2929 8.0 2949 0.9085
2930 10.0 2950 0.9494
2931 12.0 2951 0.9823
2932 16.0 2952 1.0492
2933 21.0 2953 1.1139
2934 26.0 2954 1.1761
2935 32.0 2955 1.2430
2936 38.0 2956 1.3010
"2937 47.0 2957 1.3711
2938 56.0 2958 1.4314
2939 66.0 2959 1.4914
2940 82.0 2960 1.5694
"2941 100.0 2961 1.6434
2942 140.0 2962 1.7839

L-No. Definition Value

2923 Number of pairs in the table. 19

TABLE 31 TIf1230(4 1)

PINTLE VALVE WEIGHT VS VALVE FLOW RATE (PER VALVE) FOR
EXTERNALLY MOUNTED PINTLE VALVE

Mean Valve Flow Rate Vaive Weight
L-No. (lb/sec) L-No. Log (lb)*

2965 2 2985 1.1139
2966 2 2986 1.2175
2967 4 2987 1.5222
2968 6 2-988 1. 3979
2969 8 2989 1.4624
2970 12 2990 1. 5563
2971 16 2991 1.6232
2972 22 2992 1.6990
2973 28 2993 1. 7559
2974 36 2994 1.8195
2975 44 2995 1.8692
2976 54 2996 1. 9243
2977 64 2997 1. 9685
2978 78 2998 2.0212
2979 91 2999 2.0607
2980 113 3000 2. 1139
2981 140 3001 2. 1644
2982 280 3002 2.4150

L-No. Definition Value

2964 Number of pairs in the table. 18

*Log 1 o
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TABLE 32 THGII(41)

ROTATING CYLINDER VALVE WEIGHT VS VALVE FLOW RATE (PER VALVE)

Mean Valve Flow Rate Valve Weight
i L-No. (lb/see) L-No. Log (1b)*

3006 3.0 3026 0.8692

3007 5.0 302' 0.95423008 7.0 3028 1.0212

3009 10.0 3029 1.139
3010 14.0 3030 1.2014
3011 18.0 3031 1.2695
3012 22.0 3032 1.3222
3013 28.0 3033 1.3802
3014 34.0 3034 1.4232
3015 44.0 ' 035 1.4771
3016 55.0 3036 1.5185
3017 70.0 3037 1.5682
3018 83.0 3038 1.6232
3019 102.0 3039 1.7160 TS3020 124.0 3040 1.8325
3021 140.0 3041 1. 9243

L-No_._. Definition Value i:

3005 Number of pairs in the table. 16

TABLE 33 THOI2(41) •

JET PIPE VALVE WEIGHT VS VALVE FLOW RATE (PER VALVE) •

Mean Valve Flow Rate Valve Weight,
I-No_._ (lb/sec) L-No_._. Log (lIb)*_*"

3047 3.0 3067 1.7924
3048 5.0 3068 1.9191

3049 7.0 3069 2. 0212
3050 10.0 3070 2. 1461
3051 13.0 307'1 2.2430 y"
3052 16.0 3072 2. 3222
3053 19.0 3073 2. 3802
3054 22.0 3074 2. 4346
3055 2,3. 0 3075 2.4914
3056 34.0 3076 2. 5682 -

3057 44.0 3077 2. 6434 ,•
3058 56.0 3078 2. 7160 "'

3059 70.0 3079 2. 7782 •
3060 82.0 3080 2.8195 r,

3D61 96.0 3081 2. 8513
3062 110.0 3082 2. 8893

L-No_.__ Definition Value

3046 Number of pairs in the table. 16 A

*LOgl0
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U TABLE 34 THG13(41)

PINTLE VALVE WEIGHT VS PINTLE DIAMETER FOR
NONERODING, LEG MOUNTED PINTLE

Pintle Diameter Valve Weight
L-No. (in.) L-No. Log (lb)*

3088 0 3108 0.7404
3089 1 3109 1
3090 3 3110 1.4771
3091 4 3111 1.699
3092 5 3112 1.88S5
3093 6 3113 2.0792
3094 7.5 3114 2.301
3C95 10 3115 2.6435
3096 12 3116 2.8513
3097 16.45 3117 3.2305

L-No. Definition Value

3087 Number of pairs in the table. 10

TABLE 35 THG14(41)

PINTLE VALVF WEIGHT VS PINTLE DIAMETER FOR
NONERODING, PLENUM MOUNTED PINTLE VALVE

Pintle Diameter Valve Weight
L-No. On.) L-No. _Log (1b) *

3129 0.1 3149 0.6021
3130 0.2 3150 0,6434
3131 0,4 3151 0.0090

3132 11.4 3152 2.9731

L-No. Defir~ition Value

3128 Number of pairs in the table. 4

*Log 10
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TABLE 36 THG15(41)

PINTLE VALVE WEIGHT VS PINTLE DIAMETER FOR
NONEIRODING, CLOSURE MOUNTED PINTLE VALVE

Pintle Diameter Valve Weight

L-No. (in.) ___

3170 0 3190 0.7404

3171 1 3191 1

3172 3 3192 1. _7i 1

3173 4 3193 1.699

3174 5 3194 1. 8865

3175 6 3195 2.0192

3176 7.5 3196 2.301

3177 10 3197 2.6435

3178 12 3198 2. 8513

3179 16.45 3199 3.2305

L-No. Definition Value

3169 Number of pairs in the table. 10

*Log 10
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6. JET TAB PERFORMANCE INPUT

a. Jet Tab Optional Input

!Fort•.j.•

I-No. symbol Drfinition Value Symbol

3990 t. Nominal time for complete 0 sec TI
1 insertion of tab

399. e Exit cone divergence angle 10 deg THETA

3992 • R Axial bearing friction coefficient 0.005 FUR

3993T Thrust bearing friction coefficient 0. 005 FUT

3994 SPGR Specific gravity of steel 7.85 SPGR

3995 3.4666 Empirical constant used to 3.4666 COEFJT
form K

3996 A Allowable torque box rotation 1.5 deg DLTBTA

4000 d Thickness used to form jet tab 0 in. D1
thickness

4001 d Thickness used to form jet tab 0 in. D2

thickness

4002 d Thickness used to form jet tab 0 in. D3
thickness

400 d Thickness used to form jet tab 0 in. D4 'S4005S thickness

4004 d5 Thickness used to form jet tab 0 in. D5gthickness•

4005 SPGR (1) Specific gravity used to form jet 19.3 SPG1
tab weight

4006 SPGR (2) Specific gravity used to form jet 1.79 SPG2
tab weight

•14007 SOGR (3) Specific gravity used to form Jet 1.75 SPG3
tab weight
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Fortran
L-No_. f___ Definition Value Symbol
400, SPGR (4) Specific gravity used to form 7.85 SPG4

jet tab weight

4009 SPGR (5) Specific gravity used to form 1.82 Sr.G5'
jet tab weight

b. Jet Tab Input Tables--Additional jet tab input data are included in Tables 37

thrn 40.

TABLE 37 TBLJl(41)

INSTANTANEOUS TOTAL THRUST DECREMENT VS INSTANTAN2.OUS
PITCH OR YAW THRUST DEFLECTION ANGLE

Thrust Deflection Angle (deg) Total Thrust Decrement

L-No. _1 L-No. AF/F

4011 0 4031 0
4012 0.2 4032 0.0011
4013 0. 5 4033 0.0025
4014 1 4034 0. 0055
4015 1.5 4035 0. 0089
4016 2 4036 0.0128
4017 2.5 4037 0. 0168
4018 3 4038 0. 0213
4019 4 4039 0. 0312
4020 5 4040 0. 0420
4021 6 4041 0. 0535

4022 7 4042 0. 0659
4023 8 4043 0. 0792
4024 9 4044 0.0935

4025 10 4045 0. 1089
4026 12 4046 0.1415

S4027 12.6 4047 0. 1520

No. of points (N) in L-4010 =17.
Maximum no. of points =20
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TABLE 38 TBLU2(41)

RATIO OF THRUST DEFLECTION ANGLES VS TAB INSTANTANEOUS
ANGULAR POSITION (PITCH OR YAW)

Raio of Thrust Deflection Angles Tab Angular Position (deg)

L-No. P max L-No.

4052 0 4072 0
4053 1 4073 60

No. of points (N) in L-4051 2.
Maximum no. of points = 20.

TABLE 39 TBLJ3 (41)

RATIO OF JET TAB UPSTREAM SURFACE AREA TO NOZZLE EXIT FLOW
AREA VS MAXIMUM VECTOR ANGLE (PITCh OR YAW)

Jet Tab Upstream Surface to
Maximum Vector Angle (deg) Nozzle Exit Flow Area

A /AL-No. 8max L-No. JT/AN

4093 0 4113 0.0
4094 0.68 4114 0.01
4095 1.38 4115 0.02
4096 2.11 4116 0.03
4097 2.89 4117 0.04
4098 3.7 4118 0.05
4099 4.55 4119 0.06
4100 5 43 4120 0.07
4101 6.31 4121 0.08
4102 7.24 4122 0.09
4103 8.2 4123 0.10
4104 11.08 4124 0.13
4105 14.05 4125 0.16

No. of points (N) in L-4092 = 13.
Maximum no. of points = 20.
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TABLE 40 CJ (35)

EMPIRICAL CONSTANTS USED IN EQUATIONS

L-No. Constant L-No. Constant

4133 0.042 4150 0.1133
4134 0.75 4151 60
4135 2 4152 3

4136 0.0361 4153 G. 375
4137 0. 165 4154 0. 125
4138 0.8 4155 0.75
4139 2.083 4156 0.5
4140 0.755 4157 0.007
4141 0. 000009 4158 1.45
4142 0.816 4159 0.816
4143 0. 4855 4160 1.194
4144 0.506 4161 1.8695
4145 2.75 4162 6. 6708
4146 0.566 4163 2.5464
4147 0.522 4164 1.5708
4148 1.05 4165 0. 0262 -s
4149 7 4166 0. 0677

4167 6. 9814

It
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7. ACTUATION AND ROLL INPUT

a. Actuation Routine Input for Hot Gas, Gimbal, Jet Tabs, Hinged Nozzle, and Fins

Fortran
L-No. Symbol Definition Value Symbol

2060 -- TVC actuator type 1 TVCATP

=0, pintle actuator
=1, linear actuator
=2, rotary actuator

2061 -- Actuator power system 0 APS

=0, system not specified
=1, turbine
=2, warm gas motor pump
=3, electric motor pump
=4, warm gas blowdown
=5, electromechanical
=6, self-pressurizing ADU
=7, servopumps
=8, electropneumatic

2062 Roll system 1 ROLSYS

=0, not required
=1, warm gas
=2, cold gas
=3, common roll and TVC

generator )
=4, system not specified V

b. Actuation Opptional Inpt for Hot Gas. Gimbal, Jet Tabs, Hin~ed Nozzle and Fins

Fortran
L-No. Symbol Definition Value Symbol

5550 CSTAR TVC generator characteristic 3,724 CSTAR

velocity ft/sec

5551 GAMMA TVC generator specific heat 1. 279 GAMMA
ratio
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Fortran
L-No. Symbo Definition Value Symbol U

5552 MBAR TVC generator mean molec- 19.24 MBAR
ular weight

5553 PGEN TVC generator pressure 1,000 psi PGEN

5554 PSU TVC hydraulic supply pressure 3,000 psi PSU

5555 RHOG TVC generator gas density 0.000463 RHOG
lb/cu in.

5556 TGEN TVC generator gas tem- 2, 245 1R TGEN
perature

5570 CSTARR Roll generator characteristic 3,724 CSTARR
Svelocity ft/sec

5571 GAMMAR Roll generator specific heat 1.279 GAMMAR
ratio

5572 MBARR Roll generator mean 19.24 MBARR
molecular weight

5573 PRGEN Roll generator pressure 1,000 psi PRGEN

5574 RHOGR Roll generator gas density 0.000463 RHOGR
lb/cu in.

5575 TGR Roll generator gas 2, 245'R TGR
temperature

5576 PRESRI Cold gas initial tank pressure 6,000 psi PRESRI

5577 PRESRR Cold gas regulated pressure 750 psi PRESRR

5578 PRESRF Cold gas minimum tank 900 psi PRESRF
pressure

5579 NUMTHR Number of dual nozzle 2 XUMTHR
thruster units

5580 TEMBI Cold gas initial temperature 530*R TEMRI

5581 Roll moment arm multiplier 0.95 XMRMLT

c. Actuation Input Tables--Additional actuation iiput data are included In Tables 41

thru 66.
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TABLE 42 ATBL2(41)

WEIGHT OF SERVOPUMP VS PUMP FLOW

Servopump Flow Servopump
L-No. (cu in. /sec) L-No. Weight Ob)
4326 0.0 4346 2.0
4327 25.0 4347 6.0
4328 75.0 4348 14.7
4329 125.0 4349 22.6
4330 150.0 4350 26.9
4331 175.0 4351 31.0

4332 200.0 4352 36.0
4333 225.0 4353 40.8
4334 250.0 4354 45.5
4335 275.0 4355 50.6
4336 300.0 4356 56.0
4337 325.0 4357 61.8
4338 350.0 4358 67.1
4339 375.0 4359 73.0
4340 400.0 4360 79.0

4341 425.0 4361 85.4
4342 450.0 4362 92.0

L-No. Description Value

4325 No. of points per column = 17

Maximum no. of points = 20
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TABLE 43 ATBL3(41)

WEIGHT OF TURBINE AND GEARBOX VS

HYDRAULIC HORSEPOWER OUTPUT
Hydraulic

Horsepower Turbine and
L-No. Output L-No. Gearbox (lb)
4367 0 4387 2.00
4368 17 4388 2.00
4369 23 4389 10.00
4370 28 4390 15.00
4371 32 4391 17.50
4372 35 4392 20.00
4373 40 4393 23.00
4374 44 4394 25.20
4375 50 4395 28.00
4376 60 4396 31.50
4377 70 4397 34.00
4278 80 4398 36.00
4379 90 4399 37.50
4380 100 4400 39.00
4381 120 4401 40.73
4382 140 4402 42.50
4383 180 4403 45.00
4384 200 4404 46.00
4385 240 4405 47.25
4386 340 4406 50.00

L-No. Description Value

4366 No. of points per column 20

Maximum no. of points = 20
x
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TABLE 44 ATBIA(41)

WEIGHT OF SERVOVALVE VS ACTUATOR FLOW

Actuator Flow Sern valve
L-No. (cu in.J/see) L-No. Weight (lb)

4408 0.0 4428 0.22
4409 12.5 4429 0.48
4410 25.0 4430 0.6
4411 37.5 4431 0.7
4412 50.0 4432 0.9
4413 62.5 4433 1.2
4414 75.0 4434 1,5
4415 87.5 4435 1.9
4416 112.5 4436 2.7
4417 150.0 4437 4.2
4418 185.0 4438 5.7
4419 230.0 4439 8.0
4420 265.0 4440 10.0
4421 310.0 4441 12.7
4422 345.0 4442 15.2
4423 370.0 4443 17.1
4424 400.0 4444 19.9

4425 425.0 4445 22.4
4426 500.0 4446 34.0

L-No. Description Value

4407 No. of points per column = 19

Maximum no. of points = 20

1I
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TABLE 45 ATBL5(41)

WEIGHT OF SERVOACTUATOR VS ACTUATOR ENERGY

Actuator Energy Servoactuator
L-No. Log (ft-lb)* L-No. Weight (lb)

4449 1.000 4469 0.5
4450 2.477 4470 2.2
4451 2.602 4471 2.9
4452 2.699 4472 3.1
4453 2,845 4473 4.0
4454 3.000 4474 5.2
4455 3.176 4475 7.4
4456 3.301 4476 9.4
4457 3.477 4477 13.1
4458 3.602 4478 16.8
4459 3.778 4479 22.7
4460 4.000 4480 32.4
4461 4.176 4481 42.1
4462 4.301 4482 50.0
4463 5.000 4483 258.0

L-No. Description Value

4448 No. of points per column = 15

Maximum no. of points 20

*Log1 0
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TABLE 47 ATBL6B(41) :
DIAMETER OF STANDARD HYDRAULIC LINES (IN.)

_______ _ __41

Inside Line Ouitside Line
L-No. Diameter (caic) L-No. Diameter(std)

4616 0.00 4636 0. 18
4617 0.16 4637 0.18
4618 2.60 4638 3.20

L-No. Description Value
4615 No. of points per column =3

Maximum no. of points =20
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TABLE 48 ATBL7(41)

VOLUME VS WEIGHT OF SELFPRESSURIZING RESERVOIR
(3, 000 PI) (50 TO 1 UNBALANCE RATIO)

Volume of Reservoir
L-No. Reservoir (ciu in.) L-No. Weight (ib)

4657 0.0 4677 1.8

4658 12.5 4678 2.9
4659 20.0 4679 3.5
4660 32.5 4680 4.3
4661 50.0 4681 5.7
4662 75.0 4682 6.4
4663 100.0 4683 7.4
4664 120.0 4684 8.1
4665 150.0 4685 9.1
"4666 180.0 4686 10.0
4667 230. 0 4687 11.2
4668 250.0 4688 11.7
4665 300.0 4689 12.7
4670 350.0 4690 13.6
4671 1,025.0 4691 25.2

L-No_. Description Value

4656 No. of points per column = 15

Maximum no. of points = 20

1
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TABLE 49 ATBL8(41)

WEIGHT OF HYDRAULIC TEE FILTERS VS FLOW RATE
AT 3, 000 PSI

System Flow Hydraulic Filter WA
L-No. (cu in. /sec) L-No. Weight (lb)

4698 0 4718 0.00
4699 5 4719 0.25
4700 565 4720 21.90

L-No. Description Value

4697 No. of points per column = 3 II
Maximum no. of points = 20
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TABLE 50 ATBL9(41)

WEIGHT OF HYDRAULIC DISCONNECTS
VS OUTSIDE PIPE DIAMETER

Outside Pipe Hydraulic Disconnect
L-No. Diameter (in.) L-No. Weight (1b)

4739 0. 000 4759 0. 10
4740 0.250 4760 0.30
4741 0.375 4761 0.40
4742 0.500 4762 0.50
4743 0.625 4763 0.706
4744 0. 750 4764 0. 90•

4745 1.000 4765 1.40
4746 1.250 4766 2.00
4747 1.500 4767 2.60
4748 1.750 4768 3.40
4749 2.250 4769 5.10
4750 2.500 4770 6.00
4751 2.750 4771 7.15
4752 3.000 4772 8.60
4753 3.250 4773 10.20
4754 3.500 4774 12.00 0j
4755 4.000 4775 16.00

L-No. Description Value

4738 No. of points per column = 17

Maximum no. of points = 20

i-

'IL
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TABLE 51 ATBL10(41)

DISPLACEMENT OF ROTARY ACTUATOR VS OUTPUT TORQUE

Output Torque Displacement
L-No. Log (in. -Ib)* L-No. (cu in. /rad)

4780 2.00 4800 0.20
4781 2.70 4801 0.37
4782 3.00 4802 0.40
4783 3.30 4803 0.70
4784 3.60 4804 1.35
4785 3.78 4805 2.10
4786 4.00 4806 3.90
4787 4.17 4807 6.10
4788 4.30 4808 8.20
4789 4.47 4809 12.60
4790 4.77 4810 21.00
4791 5.30 4811 80.00
4792 5.70 4812 200. 00

S47C3 6.00 4813 400.00
- 4794 6.30 4814 780.00

4795 6.60 4815 1,480.00
4796 6.78 4816 2,140.00

L-No. Description Value

4779 No. of points per column = 17

Maximum no. of points - 20

*Logli
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TABLE 52 ATBL11(41)

PUMP WEIGHT VS PUMP FLOW RATE
FOR VARIABLE DELIVERY PUMPS AT 3,000 TO 4,000 PSI

Pump Flow Rate Pump Weight
L-No. (cu in. /sec) L-No. (Ib)

4821 0.0 4841 0.5

4822 12.5 4842 0.5
4823 225.0 4843 28.5
4324 275.0 4844 36.0
4825 325.0 4845 44.5
4826 350.0 4846 48.8
4827 357.5 4847 50.5
4828 380.0 4848 55.0
4829 400.0 4849 59.5
4830 442.5 4850 70.0
4831 495.0 4851 85.0

L-No. Descrijtion Value

4820 No. of points per column = 11

Maximum no. of points 20
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TABLE 53 ATBL12(41)

WEIGHT OF ELECTRIC MOTOR PUMP
VS OUTPUT HORSEPOWER

(VARIABLE DELIXERY, DC DRIVEN)

Output Motor PumpL-No. Horsepower L-No. Weit tQb)
4862 0 4882 1.04863 0.21 4883 1.04864 30 4884 145.0

L-No. REscrinion Value
4861 No. of points per column 3

' Maximum no. of points 20
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TABLE 54 ATBL13(41)

WEIGHT OF WARM GAS MOTOR PUMP
VS HYDRAULIC HORSEPOWER OUTPUT

(VARIABLE DELIVERY)

Hydraulic Horsepower Motor Pump
L-No Output L-N-. Weight fib)

4903 0.0 4923 0.95
4904 6.0 4924 3.4
4905 11.0 4925 5.4 Ii
4906 16.0 4926 7.6
4907 21.0 4927 10.0
4908 25.0 4928 12.8
4909 30.0 4929 16.7

L-No. Description Value

4902 No. of points per column 7

Maximum no. of points = 20

I1b
• 11

4 3
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TABLE 55 ATBL14(41)

WEIGHT OF WARM GAS RELIEF VALVE
VS GAS FLOW RATE

Gas Flow RateT Relief Valve
L-No. (lb/sec) L-No. Weight (lb)

4944 0.000 4964 0.25
4945 0.275 4965 0.25
4946 0.375 4966 2.50
4947 0.500 4967 3.80
4948 0.625 4968 4.90
4949 0.750 4969 5.90
4950 0.875 4970 6.80
4951 1.000 4971 7.60
4952 1.125 4972 8.40
4953 1.250 4973 9.10
4954 1.375 4974 9.70
4955 1.500 4975 10.40
4956 1.750 4976 10.95
4957 2.000 4977 12.60
4958 2.250 4978 13.60
4959 2.500 4979 14.60
4960 3.000 4980 16.50

L-No. Description Value

4943 No. of points per column 17

Maximum no. of points = 20
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TABLE 56 ATBL15(41)

WEIGHT VS VOLUME OF BLOWDOWN ACCUMULATOR
AT 3, 000 PSI

Volume Weight

L-No. (cu in. L-No.

4985 0.0 5005 0.5
4986 35.0 5006 0.5 •

4987 200.0 5007 14.7 4

4988 300.0 5008 21.5

4989 400.0 5009 27.6

4990 500.0 5010 32.8

4991 550.0 5011 35.0

4992 600.0 5012 37.3

4993 650.0 5013 39.0

4994 700.0 5014 40.6

4995 750.0 5015 42.0

4996 850.0 5016 44.4 j
4997 950.0 5017 46.6

4998 1,050.0 5018 48.5

4999 1,100.0 5019 49. 3

L-No. Description Value

4984 No. of points per column = 15

Maximum no. of points = 20
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TABLE 57 ATBL16(41)

ROTARY ACTUATOR WEIGHT VS OUTPUT TORQUE

Output Torque
L-No. Log (in. -Ib)* L-No. Weight (Ib)

5026 2.000 5046 0.5
5027 3.000 5047 2.0
5028 3.301 5048 3.5
5029 3.477 5049 4.8
5030 3.699 5050 7.5
5031 3.845 5051 10.5
5032 4.000 5052 14.5
5033 4.176 5053 20.2
5034 4.301 5054 26.0
5035 4.477 5055 38.0
5036 4.602 5056 46.0
5037 4.699 5057 54.4
5038 5.398 5058 130.0

L-No. Description Value

5025 No. of points per column = 13

Maximum no. of points 20

*Log 1 0

Servovalve not included

131



STABLE 58 ATBL17(41)

LINEAR ELECTROMECHANICAL ACTUATOR
WEIGHT VS OUTPUT HORSEPOWER

Output Horsepower
L-No. (Log)* L-No. Weight (Ib)

5067 -4.000 5087 0.1

5068 -2.523 5088 1.1
5069 -2.301 5089 1.6
5070 -2.097 5090 2.1
5071 -2.000 5091 2.5
5072 -1.699 5092 4.1
5073 -1.398 5093 6.2

5074 -1.155 5094 8.2
5075 -1.000 5095 9.8
5076 -0.824 5096 12.0
5077 -0.602 5097 15.6
5078 -0.398 5098 20.0

5079 -0. 097 5099 28.0
5080 0.301 5100 40.0
5081 0.700 5101 56.0
5082 1.000 5102 77.0

L-No. Description Value

5066 No. of points per column 16

Maximum no. of points 20

*Log1
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TABLE 59 ATBL18(41)

ROTARY ELECTROMECHANICAL ACTUATOR WEIGHT
VS OUTPUT HORSEPOWER

Output Horsepower
L-No. (Log)* L-No. Weight (lb)

5108 -4. 000 5128 0. 1
5109 -1. 824 5129 2.40
5110 -1.700 5130 2.55
5111 -1.523 5131 2.95
5112 -1.398 5132 3.40
5113 -1.222 5133 4.20
5114 -1.046 5134 5.20
5115 -0.824 5135 6. 90
5116 -0. 602 5136 9. 00
5117 -0.398 5137 11.40
5118 -0.155 5138 14.30
5119 0.000 5139 16.40
5120 0.176 5140 19.40
5121 0.301 5141 22.00
5122 0.845 5142 39.00

L-No. Description Value

5107 No. of points per column = 15

Maximum no. of points = 20

*Log1 O
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TABLE 61 TBLI2(41)

MASS FRACTION VS GAS HORSEPOWER

L-No. Gas Horsepower L-No. Mass Fraction

5349 0.0 5369 0.050
5350 2.5 5370 0.050
5351 5.0 5371 0.130
5352 10.0 5372 0.210
5353 17.5 5373 0.290
5354 25.0 5374 0. 359
5355 32.5 5375 0.410
5r - 42.5 5376 0.462
5357 57.2 5377 0.520
5358 67.5 5378 0.549
5359 80.0 05-7 9 0. 580
5360 92.5 5380 0. 6004

5361 107.5 5381 o.p620
5362 125.0 5382 0. 640-
5363 140.0 5383 0. 660
6364 170.0 5384 0. 674
5365 200.0 5385 0. 690
5366 375.0 5386 0.74
5SS-67 1,000 5387 0. 91
5&1;8 2,000.0 5388 0.91

L-No__. Description Valu._..e

5348 No. of points per column =20

Maximum no. of points = 20
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TABLE 62 T0L16(41)

WEIGHT OF DISCONNECTS VS OUTSIDE DIAMETER OF TUBING

L-No. Diameter (in.) L-No. Weight

5390 0.000 5410 0.250
5391 0.250 5411 0.250
5392 0.350 5412 0.335
5393 0.450 5413 0.450
5394 0.550 5414 0.580
5395 0.650 5415 0.740
5396 0.775 5416 0.975
5397 0.925 5417 1.310
5398 1.075 5418 1. 695
5399 1.275 5419 2.250
5400 1.525 5420 3.000
5401 4.000 5421 3.000

L-No. Description Value

5389 No. of points per column = 12

Maximum no. of points = 20

11
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TABLE 63 TBLI7(41)

WEIGHT OF INJECTORS VS EQUIVALENT FLOW OF WATER

Equivalent Flow
L-No. (lb/sec) L-No. Weight (lb)

5431 0.00 5451 0.600
5432 1.75 5452 0.600
5433 3.00 5453 1.050
5434 4.25 5454 1.400
5435 5.50 5455 1.710
5436 7.50 5456 2.110
5437 9.50 5457 2.450
5438 12.00 5458 2.800
5439 13.75 5459 3.000
5440 16.75 5460 3.300
5441 20.00 5461 3 '300
5442 58.50 5462 6.630

5443 120.00 5463 16.0
5444 200.00 5464 27.4
5445 250.00 5465 27.4

L-No. Description Value

543q No. of points per column = 15

Maximum no. of points = 20

TABLE 64 TBLI9(41)

COLD GAS REGULATOR VALVE WEIGHT VS GAS FLOW

Gas Flow Rate
L-No. lb/see) L-No. Weight (lb)

5472 0 5492 0.4
5473 100 5493 0.4
5474 3.200 5494 10.0
5475 7,000 5495 10.0

L-No. Description Value

5471 No. of points per column =4

Maximum no. of points =20 I
138
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TABLE 65 RTBL2(41)

COLD GAS NOZZLE WEIGHT VS NOZZLE FLOW

L-No. Nozzle Flow (lb/sec) L-No. w Vight (L•b

5591 0.60 5311 1.00
5592 0.28 5612 1.00
5593 3.20 5613 5.45

Closed center valve and Bcwtie nozzles included

L-No. Description Value
5590 No. of Points per column = 3

Maximum No. of points 20

U 4
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I
TABLE 66 RTBL44(41)

COLD GAS REGULATOR WEIGHT VS SYSTEM FLOW RATE

L-No. System Flow Rate (lb/sec) L-i$o. Weigh (lb)

5632 0.00 5652 0.6
5633 0.4 5653 0. -4
5634 1.4 5654 1.94
5635 1.8 5655 2.26

5636 2.2 5656 2.56
5637 4. 6 5657 2.74

5638 3.0 5658 2.84

Relief valve integral

L-No. Description Value

5631 No. of points per column =7

Maximum No. of points = 20

8. WEIGHT SUMMARY INPUT

a. Weight Summary Optional Input

Fortran

L-No. Smbol Definition Value -ymbol

5800 X1UTVC Center-of-gravity (LITVC) 0 in.* XLITVC

5801 XHGTVC Center-of-gravity (HGTVC) 0 in. * XHGTVC

5802 XJTAB Center-of-gravity (jet tabs) 0 in. * XJTAB

5803 XMNACT Center-of-gravity (movablo nozzle 0 in. * XMNACT
actuation)

5804 X.ROLLC Center-of-gravity (roll control 0 in. * XROLLC
system)

5805 XCTHR Center-of-gravity (cooled throat 0 in. * XCTHR
system)

5806 CNBWM Multiplier for the aft nozzle base 1.0 CNBWM
weight

5807 ELPSRA Ellipse ratio of the stft closure 1.4 E LPSRA

*T-hese values are calculated if they are not input. 12
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B. ERROR MESSAGES

1. NOZZLE

The following errors may occur in the nozzle design calculations.

An invalid specification has been made for
nozzle type

An invalid specification has been made for
TVC code

Aih invalid specification has been made for
pivot center location

An invalid specification has been made for
hot gas valve mounting code

An invalid specification has been made for
throat type

An invalid specification has been made for

exit configuration

C tAn invalid specification has been made for
case type !

An invalid specification has been made for
nozzle designator code A

Insufficient input to determine throat area

Insufficient input to determine expansion ratio

Unabie to converge in iteration for initial cone
angle

Root not bounded in iteration for initial ex-
pansion ratio

Unable to converge in iteration for initial ex-
pansion ratio

Unable to converge in iteration for cone turn-
back angle

Root not bounded in iteration for initial cone
angle

Insufficient hiput to determine action time

Insufficient input to determine chamber pressure

141



Ynsufficient input to determine cace diameter

Percent submergence for this plenum con-
figuration is to face of exit ring rather than
face of Range

Insufficient input to determine contour exit cone

An invalid expansion ratio has becn specified

Unable to converge in iteration for Mach number

An invalid specification has been made for
throat type

Ejection load nt .r zero or instantaneous chamber
pressure greater than structural design pressure-
use output cautiously

Unable to converge in iteration for nozzle inner
limit angle

Input liner load per unit area incompatible

with design--value calculated
Theoretical force amplification factor calculation

inaccurate with this design, the factor is set
to unity

Unable to make radius to outer liner edge less
than the mean spherical radius

Unable to converge in iteration for step change
in angle in iteration loops

Flexiable seal is elastomer shear stress critical

Unable to converge in iteration for radial height 3
of sect, an

Calculated seal deflection inaccurate. To
bring into accurate range reduce elastbmer
layer thickness or increase total seal
thickness

Unaile to close gimbal ring design within
constraints--height increased

Gimbal ring is at cc*,strained limit size

Unable to converge in iteration for actial Y-
moment of inertia of gimbal ring section

Unable to converge in iteration for actual X-
moment of inertia of gimbal ring section
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Rings are solid

L u input radius to inside of flang incompatible
pI with design

Flange adapter added to locate flange at
specified radius. Percent submergence is
calculated to junction of adapter and

primary structure.

Exit cone exceeds m, :imum diameter limit

Unable to converge in iteration for honeycomb
structure

Extrapolation has occurred in the following
table. The argument was xxx

Standard tubing wall thickness vs outside diameter

Extrapolation has occurred in the following
table. The argument was xxx

Standard tubing wall thickness vs outside diameter

Extrapolation has occurred in the following
table. The argument was xxx

Cold gas regulator valve weight vs gas flow

Solution for minor radius of toroidal
coolant tank is imaginary
Solution for minor radius of toroidal
gas tank is imaginary

Unable to converge in iteration for Mach number
at station 11

Material not found in strength versus
temperature table for pintle nozzle

Error in strength versus temperature table
for pintle nozzle

Invalid designator no. for pintle design

Insufficient input for pintle design

Unable to converge in iteration for pintle nozzle
throa.' area

TLfD was increased to prevent interference
in pintle design

LSM , LAPA and TKCSIN were increased to
prevent interference during actuation in pintle

21' design
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Unable to converge in iteration for stroke

calculation

GTYPE = 2. Both ATMXA and ATMNA were not
input ATMAXA and ATMINA were used. Stroke
calculation may be in error

RBH, ratio of width to height of gimbal ring,
violates limits. Limit value used

Contour exit is invalid hi given envelope cone
exit used

2. TORQUE

The following errors may occur in the torque calculations.

An incorrect nozzle type has been specified
for torque. The value was xxx

No result was found for the cubic solution
for shock angle in external aerodynamic
equations -
Iteration for the maximum deflection angle '

for attached shock required for external
aerodynamic torque did not converge

Iteration for Mach number required for external
aerodynamic torque did not converge

3. LIQUID INJECTION

a. Performance

The following errors may occur in the LITVC performance calculations.

An invalid injectant type has been specified.

Freon 113 was used

The specified injectant will not meet the
maximum TVC requirements

The specified number of valves per quadrant
is not compatible with the performance curves
The number of valves used was xxx
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The average thrust deflection angle is too
small for the alternate method.

An advanced injectant system is not available.
See note below.

Extrapolation has occurred in the followingtable. The argument was xxx
Freon force ration vs flow ratio performance

Extrapolation has occurred in the following
table. The argument was xxx

N204 force ratio vs flow ratio performance

Extrapolation has occurred in the following
table. The argument was xxx

Duty cycle time points

The integration interval has been specified
as zero. 0.05 has been substituted

Extrapolation has occurred in the following
table. The argument was xxx

Freon and N2H4- UDMH force ratio vs
secondary specific impulse performance

Extrapolation has occurred in the following
table. The argument was xxx

N20 4 force ratio vs secondary specific
impulse performance

Extrapolation has occurred in the following
table. The argument was xxx

SR (CLO4 )2 plus H20 force ratio vs
secondary specific impulse performance

Extrapolation has occurred in the following
table. The argument was xxx

PB (CLO4)2 plus H2 0 force ratio vs
secondary specific impulse performance

Extrapolation has occurred in the following
table. The argument was xxx

SR (CLO4 )2 plus C2H5OH force ratio vs
secondary specific impulse performance

Extrapolation has occurred in the following
table. The argument was xxx

SR (CLO4 )2 plus CH3OH force ratio vs
secondary specific impulse performancegI
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b. Actuation
The following errors may occur in the LITVC actuation cklculations

The injectant cannot be used as the
hydraulic fluid

Extrapolation has occurred in the following
table. The argument was xxx

Weight of injectors vs equivalent flow of water

Extrapolation has occurred in the following
table. Tne argument was xxx \

Standard tubing wall thickness vs outside diameter

Spherical tanks will not fit in the specified .
envelope \

The solution for the toroidal tank radius is
imaginary

Toroidal tanks will not fit in the specified

envelope.

Extrapolation has occurred in the following

table. The argument was xxx
Weight vs volume of blowdown accumulator

Extrapolation has occurred in the following ) "1
table. The argument was xxx

Mass fraction vs gas horsepower

Extrapolation has occurred in the following
table. The argument was xxx

Weight of warm gas relief valve vs gas flow rate

Extrapolation has occurred in the following
table. The argument was xxx

Weight of hydraulic tee filters vs flow rate

Extrapolation has occurred in the following
table. The argument was xxx

Weight of disconnects vs outside diameter of tubing

Extrapolation hao occurred in the following
table. The argument was xxx

Cold gas regulator valve weight vs gas flow

An invalid system has been specified. An
attempt will be made to select a system

No valid system could be selected
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An invalid system has been specified. No
corrective action can be taken

Extrapolation has occurred in the following
table. The argument was xxx

Volume vs weight of self-pressurizing reservoir

Extrapolation has occurred in the following
table. The argument was xxx

Weight of electric motor pump vs output horsepower

Extrapolation has occurred in the following
table. The argument was xxx

Weight of warm gas motor pump vs
hydraulic horsepower output

4. HOT GAS

The following errors may occur in the hot gas calculations

Extrapolation has occurred in the following
table. The argument was xxx

Valve experimental flow coefficient vs
ratio of valve geometric area to orifice geometric area

Extrapolation has occurred in the following
table The argumient was xxx

Ratio of pintle diameter to valve orifice diameter vs
valve orifice diameter for noneroding valve

Extrapolation has occurred in the following
table. The argument was xxx

Ratib of pintle diameter to valve orifice diameter vs
valve orifice diameter for ablative valve

Iteration for ratio of valve flow area to nozzle
throat area vs time did not converge

Extrapolation has occurred in the following
table. The argument was xxx

Duty cycle time table

Unable to integrate for burning time extension
resulting from valve operation

Unable to integrate for total vehicle vacuum
thrust impulse from stage ignition to termination

Unable to integrate for total weight of injected gases

147



Extrapolation has occurred in the following '
table. The argument was xxx C,,J

Thermal diffusivity vs temperature

Extrapolation has occurred in the following
table. The argument was xxx

Pintle valve weight vs pintle diameter for
noneroding, plenum mounted pintle valve

Iteration for ratio of valve sonic flow area to j
primary nozzle flow area (performance calculated)
failed.

Iteration for geometric orifice flow area did not
converge

Extrapolation has occurred in the following
table. The argument was xxx

Pressure balancing constants

Extrapolation has occurred in the following
table. The argument was xxx

O-ring cross section vs pintle diameter

Extrapolation has occurred in the following
table. The argument was xxx
0- ring gland length vs pintle diameter

Extrapolation has occurred in the following

table. The argument was xxx
Ratio of feedback length to maximum the -
oretical stroke vs maximum theoretical stroke
for ablative pintle

Unable to integrate for weight of propellant gases
injected in either the pitch or yaw plane

Extrapolation has occurred in the following
table. The argument was xxx

Valve experimental flow coefficient vs
ratio of valve geometric area to orifice
geometric area

5. JET TABS

The following errors may occur in the jet tabs performance calculations

Extrapolation has occurred in the following
table. The argument was xxx

Total thrust decrement vs pitch or yaw deflection angle--
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S Extrapolation has occurred in the following
table. The argument was xxx

Ratio of thrust deflection angles vs
tab angular position

Extrapolation has occurred in the following
table. Tht argument was xxx

Ratio of jet tab upstream surface area to
nozzle exit flow area vs maximum vector angle

An incorrect nozzle type has been specified
for jet tabs. The value specified was xxx

6. ACTUATION

The following errors .,ay occur in the actuation calculations

TMC & TVC hydraulic supply pressures not equal

Roll system not required

Extrapolation has occurred in the following
table. The argument was xxx'C; Wall thickness of standard hydraulic lines

Extrapolation has occurred in the following
table. The argument was xxx

Diameter of standard hydraulic lines

Cold gas minimum tank pressure low--
use 1.2 * cold gas regulated pressure '

minimum

TVC & roll generated ballistics not equal progr am
uses TVC generator for sizing roll system

TVC & TMC system not reqd - common roll &
TVC generator not applicable

Extrapolation has occurred in the following
table. The argument was xxx

Weight of servopump vs pump flow

Extrapolation has occurred in the following
table. The argument was xxx

Displacement of rotary actuator

Extrapolation has occurred in the following
table. The argument was xxx

Gas generator mass fraction vs gas horsepower
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Extrapolation has occurred in the following
table. The argument was xxx

Pump weight vs pump flow rate for variable
delivery pumps

Extrapolation has occurred in the following
table. The argument was xxx

Weight of turbine and gearbox vs
hydraulic horsepower output

Extrapolation has occurred in the following
table. The argument was xxx

Weight of servoactuator vs actuator energy

Extrapolation has occurred in the following
table. The argument was xxx

Rotary actuator weight vs output torque

Extrapolation has occurred in the following
table. The argument was xxx

Volume vs weight of self-pressurizing reservoir

Extrapolation has occurred in the following
table. The argument was xxx

Weight of hydraulic tee filters vs flow rate

Extrapolaiion has occurred in the following
table. The argument was xxx

Weight of hydraulic disconnects vs outride
pipe diameter

Extrapolation has occurred Jn the following
table. The argument was xxx

Weight of electric motor purnp is output horsepower

ExDrapolation has occurred in the following
table. The argument was xxx

Weight of warm gas motor pump vs hydraulic
horsepower output

Extrapolation has occurred in the following
table. The argument was xmx

Weight of warm gas relief valve vs gas flow rate
Extrapolation h~as occurred in the following
table. The argument was xxx

Weight vs volume of blcwdown accumu!.,tor

150



Extrapolation has occrred in the following
table. The argument was xxx

Rotary electromechanical actuator weight vs
output horsepower

Extrapolaticn has occurred in the following
table. The argument was xxx

Linear electromechanical actuator weight vs
output horsepower

Extrapolation has occurred in the following
table. The argument was xxx

Cold gas nozzle weight vs nozzle flow

Extrapolation has occurred in the following
table. The argument was xxx

Cold gas regulator weight vs system flow rate

7. WEIGHT SUMMARY I
The following error may occur in the weight summary calculation

Error Line* Subroutine
Code Number Name Description

1 XXX TP200 Xi = Xi-, for a call te the ipte-

gration subroutine TP221

2 XXX TP200 The calculated weight was zero.
CG and moments will not be cal-
culated for this line number.

1 XXX TP201 ELO< -A ELO and ELI are

2 XXX TP201 ELO> A the axial distances
from the center of

3 2= TP201 ELI <-A an ellipse with a

4 XXX TP201 ELI > A major axis half
length of A ..

5 XXX TP201 AELIO

6 XXX TP201 The calculated weight was zero.
CG and moments will not be
calculated for this line number.

*Line numbers used by subroutines TP200 and TP201 are working areas only.

They will be in the range of 194 to 200.
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C. SAMPLE INPUT

included in this section and the next, Sample Output, are four test cases that

execute all of the Hardware Section.

152



'-1 10-

7-ini

I r-La-

L E I I

0 C-I

K' 00!i-- H H- ' 
-~ -

IhC -OD -

COD + t
h00i r-q u'~ r-~**'. -4-~

-0 

'W-4~4F-Le 
CID.. I--

'I cq *q o

i-i 1 II-'IDF

ol I "q

+ 1 +~0 +1 + _ t 1 ~ ~ '

153



f

K L L ---
j .F 

__, , i r. .

•- '- ' '-L~ , 
L - "1 1" J - .. .. - •-1- 

-
..

" '~- 1-'-' 'I-"" ''- -- ----l - '-" ,• •'-i- - "--

L- -, - _. - - .. ...E- - __ -- ,

-_ _- i I,- 
- -

.

S,- 
-- -; --- :F---

-h - - -- -' - - = : . -:

~ -- -- - -- -t -_ -_._

•- -- -• •-,. l----i -- ---.... , -• - • , - ... !

_.;• r 
' " -I • z " -

, - "--- ' -.- •-- r- r~--i • - i • L]-I"7

JE

I - - -._. , ._ _ I__ . • - 7 4 9 :
k'a

! .-- • r- --- f--- i -- I ... ' 1!

F-- 
-, !--.L .- b.j~~H, - -- -- .- .. . .. - -

.-
t 

--;1

1--7IJw-Z -- -- -- ...

-- , 
-- L•--- 154

._-: F-,I-i, ,F-i : -- . . . - . .

'E_4 _ - •. - - • . . . .

• ,F-! .-- 1I!- .- . . ... --

I--.

' --- '----.4 • _

,-. l- :: , , , , - -~ . . . . ...

-i - i :. . .



71~
k 'S

- - L,- - . I

; ~ - -- 4 - -- $-' "'--*1 -.• _-

*.-0 .-- - ... -

1-5~

*rH w

._, 1 1 K---1• "--- -- 7 -"

._, 9 - 4 1. ... 9 - t ,- •, " -

,i- --- - .,----i .. -

-- I, --- • • -

.'---4 --. '-- .--- -

LO m

-',-I •,LI.-. - - rr--- -
--14-

ID -_.'-4 ' -" .

OID OD

~-I51 _ 00i ~ -

+ _155



E4 t

C 5 - I

to t----. I--4

to 
E l-

~~--~e i- -

I- -7W - -

156*--



.... ..... 3-

r-----
_ 2 ---

--'- -

S-'----1 * g• H '-- -' -

.-- -

-. ', -! - I t- -- t--I : r " L L - i - - -4 .•

SP4 t-- -- I.-- I- . --�--, -K - , ,-- -,-
Sr---4, --"q !--i r -• i- I---! .P-" r 1 r- " -- !, ---1  ! " --

*•-.4• i - -- -- ,K- • • -- .t-- . ---t _-<--

S• •-- I---- u L--! I-4 - - • - - I---• I• i- --I -•,-

t _ -. i-- ! -- , -- i --, ---' ---- ,- -- F---Ii -1 : / " ,•

I- H-4

It to
oF-- Hl ,,i I ,•• ---

_00 c

75 t-_"0__-1

za-!1.- t ; ,

b~~L It i 1 -- i- -- l 4
# -- •-, r.---'-, ,'-'--" • • ,r e I I ! i ! I I I I 4 . ... . .• i

i-,I1-• t---I '-- •"•. 3 1 •- • r--I 'l : ! I i ,1 i - ifN

m-i - • • 1 -1 I! -I i• I L --_i -:z .C,-
g F---- ,"I. -



D. SAMPLE OUTPUT

This section contains the printout of the program resulting from the input

specified in the previous section, Sample Input.

The printout of the first test case conte.,ns all of the resulting printout of

that case.

la the printout of test cases 2, 3 and 4, the printout of the duty cycle and

nozzle have been deleted since an example may be found in the first test case.

Test Case No. Portion of Hardware Section

1 Duty Cycle Print

1 Nozzle

1 Torque

1 Actuation

1 Weight Summary

2 Liquid Injection Performance

2 Liquid Injection Actuation

3 Hot Gas

4 Jet Tabs

A
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TPT =2
HIG" DENSITY L
GRAPHITETL

'--TLV

TB

TPT I TLE

TLC

TB

5 UN
TPT 4 VITL

COOLED TI WNi
THROAT rV TI
INSERT T

THE LOCATION OF STATION 5.6 MAY BE SPECIFIED BY THE INPUT OF N5. 6 OR EPSS. 5 FOR
TYPNOZ =1, 5, 6 AND BY X5. 5FOR TYPNOZ =2, 3, 4,7.

THE LOCATION OF STATION 6.5 MAY BE SPECIFIED BY THE INPUT OF X6. 5 OR EPS6. 5 FOR
THE OUTSIDE OF THE INSERT IS FORCED TO LIE IN THE TLV LAYER AT LEAST A DISTANCE

CN 140 FROM THE INSIDE OF THE TLV LAYER. IF THE CALCULATED INSERT THICKNESS IS LESS
THAN THE SUM OF TLE, TLC, AND CN 140 CALCULATED FOR THE MATERIAL OF SECTIONS

5THRU 7 AT STATION 6 WITHOUT AN INSERT, THEN THE INSERT IS INCREASED IN THICKNESS
THE REQUIRED AMOUNT. IF THE INSERT IS THICKER THAN TLE + TLC + TLV, THEN TLV IS
INCREASED THE REQUIRED AMOUNT.

Figure 3. Throat Inserts X9
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y Il
(FROMI~FRO AXIS)... • -

(FROM THROAT)-XC RW GREID

(FROM AXIS)

RC X -X

xlyBWL 4

GIMBAL RING

THWL

(FROM THROAT)- XC =- -

(FROM AXIS) I

RCT

-1-_------I
TBWL_ ___1

L _1 I
EXIT RING

= BGR/I-IGR OPTIONAL INPUT ITEMS ARE

RWH = HWL/HGR UNDERLINED.

RWB = BWL/BGR

Figure 4. Gimbal Ring and Exit Ring Geometry
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I

SECTION V

TRAJECTORY REFLY

If the user wishes to simulate the vehicle trajectory aftei- the hardware

design subroutines have evaluated the TVC system hardware weights and thrust

perturbations, the refly option can be used. Essentially the same data are

necessary for the trajectory refly as for the original trajectory simulation. All

data input in the previous trajectory input are available for the refly ontion; how-

ever, any data read in by cards for the refly opticn will supersede tt - &ata stored

previously. Thus, any data can be modified for the refly of the trajxctory.

Typical of data that might be changed for the refly would be a change in print

interval.
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Printout formats, both schematic and machine printed, for output

print are presented in this appendix. The X's and O's shown in the

schematic formats represent spaces for integers and minus signs, respect-

ively. The numbers and letters appearing at the left side of the print-

lines are always printed with their respective printline. The definitions

of these output paraneters are present as they appear left to right for

each printline.
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Output Print Format I

Main Print

t S h e v b M yT
A xxxx.XXXX mXMD=X. XXXXXXX 4L. XXXXX.XXX XXXXX.XXX OXX.XXXXX xx XX

AA XXXYM )DOCX.OXXXX XXX.XOXXX XXOX.XXXOXX.X

mm a 1 b ei~

m m F m2 m2 Y
BB OXXX.XXX OXX.XXXXX OXXX.X0XXX OXX.XXXXX OXXX.XXXXX OXXX.XXXXX OXX.XXX

m m M M F

BB OXXX.XXXXX OXX.XXXXX. OXXXXXXX XX.OXXXXXXOXX.OXXXXX OXXX.OXMXXXXXX.OXCXXXX

I M M M M F MR

ZZ DR CR FCR MJDR JDy I
SCB OLXXXXXX. OXKXXX2X. OXXXXXXXX. OXXXXXKX. OXXXXXXXX. OXXXXXXXX. OXXXXXXX

P P P
c e P* s s

CC OXXXXXXX. XX OXXXl~,X. XX OXXXXXXX. XX OXXXXXXX. XX OXXX. XXXXX

xxMD Mc M~c MFV MFO
CD OXXXXXXXX. OXXXXXXXX. OXXXXXXXX. OXXXXXXXX. OXXXXXXXX. OXXXXXXXX. OXXXXXXX

b l "CI sI Ed Fl

CF +xxxxXXXX. XXX) X=XXXX . XXX XXXXXXXXX. XXXXXXXX.X XXXX.XXXX. X.XXXXXXX

CG +XJQLX.XXXXX. XXXXOC(X.XXX XXXXX.XXXX XXXX.XXXX. XXIXXXXXX. xxxxxxxx

w W A~
MP Pr 1X

CH XXXXXX.XX XXXXXXXX. X.XXXXX XXXX.X X I'x



Printline Symbol Definition Units

A t Instantaneous time (L5000) (sec)

S Miissile ground range. Distance along (ft)
the surface of the earth measured
clockwise from the launch vertical to 2
the local vertical down range (L5018)

h Missile geometric altitude. Distance (ft)
between the surface of the reference
body and the missile measured along
the local vertical. Positive away
from the reference body (15028)

Ve Missile earth referenced velocity (ft/sec)
(L5046)

VI Missile intertial velocity (,5050) (ft/sec)

aXb Component of vehicle acceleration due (g's)
to total thrust and aerodynamic forces.
Positive in the direction of the coord-
inate axes of b system (L5504)

My Mode type (dim)

Ty Type of flight (dim)

AA Ss Miosile slant ground range. Distance (ft)

along earth surface from the launch
vertical to the local vertical slant-
wise (L5025)

S Missile cross ground range. Distance (ft)
c along the surface of the earth measured

clockwise from launch azimuth (L5028)

i Instantaneous down range angle. Angle (deg)
between the launch vertical and the

local vertical on the down range azimuthpoint (L5375) •

Cross range angle. Angle between local (deg)
vertical and vertical on firing azimuth
down range location. Positive if posi-
tive is left of firing azimuth (L5358)

B e Desired missile attit,,de Euler angle re- (deg)
m lating the m and i system (L5722)
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Ica=
Printline Symbol Definition Units

B m Desired vehicle pitch Euler angular (degisec)
rate (5772)

Instantaneous pitch angle of attack; (deg)
positive if the vehicle centerline is
above the air velocity vector (15301)

71 Pitch flight path angle. Angle between (deg)

the earth referenced velocity vector
and the local tangent plane. Positive
away from the earth (L5321)

Inertial pitch flight path angle. Angle (deg) 4

between the inertial velocity vector and
the local tangent plane. Positive away
from the earth (L5330)

aZb Components of vehicle acceleration due (g's)
to total thrust and aerodynamic forces.

Positive in the direction of the coord-
inate Z axes of b system (L5506)

Ve Time rate change of missile earth ref- (ft/sec2

erence velocity (L5047)

BA Desired missile attitude Euler angle re- (deg)
lating the m and i systems (L5723)

im Desired vehicle yaw Euler angular rate (deg/sec)
(L5773)

Angle of side slip. Positive if the ve- (deg)
hicle centerline is left of the air vel-
ocity vector when viewed from the rear of
the vehicle (L5315)

Azimuthal flight path angle. Angle be- (deg)
tween the horizontal projection of the
earth reference velocity vector and the
local north. Positive clockwise from
north (L5323)

721 Inertial azimuth flight path angle. Angle (deg)
between local north clockwise to the pro-

jection of the inertial velocity vector
on the local tangent plane (L5331)

"2i7
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Printline Symbol Definition Units

BA ayb Componen". of vehicle acceleration due (gs)
to total thrust and aerodynamic forces.,
Positive in the direction of the coord- 11
inate Y axes of the b system (L5505)

Acceleration load factor transverse to (g's)the velocity vector (L5170)

BB 0 Desired missile attitude Euler angle re- (deg)
lating the m and i systems (L5724) :4

SDesired vehicle roll Euler angular rate (deg/sec)m (L5774)

Pm Instantaneous desired roll turning rate (deg/sec)(L5403)

Qm Instantaneous desired pitch turning rate (deg/sec)
(L5401)

Instantaneous desired yaw turning rate (deg/sec)
(L5402)

SInstantaneous vehicle longitude. Value (deg)
"is positive or negative west or east ofGreenwich, England, respectively (L5362)

P Instantaneous vehicle latitude positive (deg)

north of the equator -90 0 -P-0 (L5367)

C W Total instantaneous missile weight (L5093) (lb)

WTotal expended instantaneous missile mass (lb/sec)
flow weight (L5094)

F Total instantaneous thrust acting along (lb)
missile centerline. Positive when thrust
vector points forward along missile
centerline (L5122)

F Instantaneous total vacuum thrust (L5123) (lb)

IF/WI Instantaneous effective specific impulse (sec)
(L5 115)

F Components of total vehicle thrust para- (lb)
llel to the coordinate axes of the b

system (L5141)
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Printline Symbol Definition Units

Acceleration load factor normal to the (g's)
vel.ocity vector (L5171)

CA, Time rate change of pitch moment of (ft-lb-sec)S~inertia

Perturbing moment about vehicle center- (ft-lb)
MD' of-gravity in pitch (L5205)

M CQ Controlling moment about vehicle center- (ft-lb)CQ of-gravity in pitch (L5208)

MFCQ Thrust vector control pitching moment (ft-lb)
(15223)

M jDQ Jet damping pitching moment (r5220) (ft-lb)

F Jet damping pitching transverse force (lb) -bJ, z (L5149)

[ IQ Unbalanced piLching moment about vehicle (ft-lb)

center-of-gravity (15202)

CB I Time rate change of yaw moment of inertia(ft-lb-sec)

MDR Perturbing moment about vehicle center- (ft-lb)
of-gravity in yaw (15206) ]

M Controlling moment about vehicle center- (ft-lb)
of-gravity in yaw (L5209)

1MFCR Thrust vector control yawing moment (ft-lb)

MjR Jet damping yawing moment (L5221) (ft-lb)

A F Jet damping yawing transverse force (lb)
Jny (L5149)

M Unbalanced yaw moment about vehicle (ft-lb)MIR center-of-gravity (L5`'1)

cc P ~ Main motor chamber preL. aire used in (lb/in2)
S c separated flow equation (L5734)

P Main motor exit pressure used in separa- (lb/ft )
Se ted flow equations (L5074)

272



Printline Symbol Definition Units

CC P* Main motor nozzle critical pressure (lb/in2 )

used in separated flow equations (15072)

P Main motor nozzle separation pressure (lb/in2 )
used in separated flow equations (L5073)

8 Main motor nozzle separation expansion (dim)
ratio used in separated flow equations
(L5075)

CD IX Time rate change of roll moment cf iner- (ft-lb-sec)
tia (L5184,

M. Perturbing moment about vehicle center- (ft-lb)
of-gravity in roll (L5207)

MCp Controlling nomenL about vehicle center- (ft-lb)
of-gravity in roll (15210)

MFCP Auxiliary roll thrust control moment (ft-lb)(L5225)

Rolling moment about vehicle center-of- (ft-lb)
gravity due to vortexing effect of avial
gas flow through the nozzle (L5219)

"Thrust offset rolling moment due to (ft-lb)"pitch and yaw WVC (L5216)

Mi Unbalanced roll moment about vehicle (ft-lb)
I zenter-of-gravity (L5204)

CE r Propellant burn rate (L5783) (in/sec)
CE rb

Db Propellant burn depth. Used in TMC logic (in)
b ("L5733)

Percent veb (15077) (dim)

Vcl Chamber volume (15078) (in3)

2

F Sd Input and output nozzle expansion ratio (dLn)
used in the separated flow nozzle thrust

equations (LkOl3)

CVI Thrust coefficient (1k5081) (dim)
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CF " PC Time rate change of chamber pressure (lb/in2-sec)

(L5784)

P Commanded chamber pressure used in (lb/in2)
pintle motor control logic (L5071)

Fcom Commanded altitude thrust used in (lb)
TMC logic (L5130)

F Commanded vacuum thrust used in TMC (Ib)
logic (L5131)

F Nominal vacuum thrust used in TMC logic (lb)

(L5132)

F Nonminal altitude thrust used in TMC logic (lb)
N2

CG at Time rate change of pintle throat area (in /sec)
(L5785)

A Pintle nozzle throat area. Used in TMC (in)At logic (L5735)

A Commanded throat area (L5080) (in )

4
KS Pressure error gain used in pintle area (in /lb-sec) ,j) •

control low in the TMC (15450)

K Pressure rate gain used in pintle area (sec)
control low in the TMC (15451)

Pintle control frequency (15083) (rad/sec)
p

CH W Mass flow rate of gases thru pintle (lb/sec)
nozzle throat (L5786)

W Weight of propellant removed. Used in (lb)
pr TMC logic (15736)

gPl Fraction of propellant removed (L5084) (dim)

AXI Propellant extinguishment throat area (in2)
(15085)
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OUTPUT PRINT FORMAT I

MAIN PRINT

C Cv xxx Vx KX

Fcqi F K VF. F 1

cmn cqmax cq ecq CA LJS CW

where:

v 1f F I1
ecv y

vvecn If F z2

V 1f F =4

0 Otherwise

V If F I
V CV 1fv

xxx vI
0 otherwise

K~P if F -3
= PI y

Kx [A LO 1f -

0 Otherwise
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CI FThrust required to maintain V i .e., (ib)
C c retarding axial force used in eTMC •"

S~~logic (A-5134) •

KCommanded thrust velocity error gain (Ib-sec/ft)
Kcv used in TMC (L5452)

11Command velocity used in the TMC: (ft/sec•)
%xx command logic. Vec if Fy - 1,

V ec i-f Fy - 4 (L5060) :

SComman:d acceleration used in the TMC (ft/sec 2)

xx conmmand logic. V ecv if Fy = I, V ecm if

Fy -= 2, and zero if Fy w 1 and Fy = 2
(L5061)

:.• Commanded thrust system gain. Set equal (dim) •••

•, ~~to Kp fFy - 3 and KOSif Fy v 6

(L5454)

CJ F cqmin Require thrust so that the vehicle will (lb) •,
maintain the minimum dynamic pressure :

used in TMC logic (L5135) "

Fcmx Maximum thrust so that the vehicle will (lb) '
Fcqmax not exceed the maximum dynamic pressure•

used in TMC logic (L5136) •

(i2)K Commanded thrust dynamic pressure error (t
cq gain used in TMC (L5453) •:

SCommand acceleration to constrain dy- (ft/sec2e
eq namic nressure used in the TMC command i•

logic %L5062) ••

PCommand thrust to provide acceleration (lb) •.
FCALOS proportional to LOS rated used in TMC

logic. (L5137)i

Fcco Commnand thrust to provide a minimum (lb)
CAs missile to target closing rate used in A

YTMC logic (L5138)

D M Missile Mach number (L5063) (dim) •

q Missile dynamic pressure. (LS07j) (Ib/ft)

ZV ýIisbiie velocity with respect to air (ft/sec)"
a (L5049)
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D C Instantaneous aerodynamic axial force (Ib)
(L5164)

NZ Instantaneous pitch aerodynamic normal (lb)
forces directed opposite to the direction
of the Zb axes (15166)

2
q(9 Product of total angle of attack and (lb/deg/ft2)

dynamic pressure (1,5110)

2
P Ambient pressure at the missile (1,5068) (lb/ft2)

DA Time rate change of angle of attack (deg/sec)
(L5302)

, Still winO angle of attack (1,5310) (deg)

Time rate change of still wind angle of (deg/sec)
attack (L5307)

Total vehicle angle of attack; angle be- (deg)
tween the c.nterline of the vehicle and
the missile air velocity vector; always
positive (1.5309) •

Instantaneous wind azimuth angles, (dg)
V measured in a plane parallel to the

local tangent plane where j - 1, 2,
30. Angle measured clockwise

from north to the direction from which
the wind is coming (L5383)

v Inotantaneous wind speed change (L5056) (ft/sec)
V

v Instantaneous wind speed time rate change (ft/sec)
(L.5057)

DB • Time rate change of angle of side slip (deg/sec)
(1.5316)

Still wind angle of side slip (15318) (deg)

Time rate change of still wind angle of (deglsec)

side slip (15308)

Ot Still air total angle of attack (L5305) (?eg)
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DB Total angle of attack roll orientation (deg)

angle. Angle between total angle of
attack plane and yaw axis. Measured
counterclockwise (L5353)
Local bank angle (L5380) (deg)

9 Commanded bank angle (L5377) (deg)

DC x Input and instantaneous (with Mach (ft & dbi)
cp number M) aerodynamic normal force center

of pressure body station numbers, respect-
ively, where j % 1, 2, ... , 15 per stage
respectively (L5583)

Aerodynamic yawing moment about vehicle (ft-lb)
center-of-gravity (L5211)

1 Vehicle center-of-gravity to aerodynamic (ft)
CP center-of-pressure distance (L5596)

MNSQ Aerodynamic static pitching moment about (ft-lb)

vehicle center-of-gravity (L5332)

SMCZG Aerodynamic axial force center-of-gravity (ft-lb)
offset pitching moment (L5230)

MNQ Aerodynamic damping moment about vehicle (ft-lb)

vehicle center-of-gravity in pitch (L5235)

N1lN Aerodynamic force due to damping and pitch (lb)
(1,5168)

DD MN Aerodynamic rolling moment about vehicle (ft-lb)
center-of-gravity (L5213)

MNP Aerodynami: yawing moment about vehicle (ft-lb)
center-of-gravity (L5212)

MRAP Aerodynamic rolling moment induced by (ft-lb)
raceways (1•5222)

NsR Aerodynamic static yawing moment about (ft-lb)

vehicle center-of-gravity (L5233)

%CyG Aerodynamic axial force center-of-gravity (ft-lb)
offset yawing moment (1,5229)

NM Aer)...ynamic damping moment about vehicle (ft-lb)
J. center-of-gravity in yaw (1.5236)
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DD Npy Aerodynamic force due to damping in yaw (Ib)(L5167)

DE M8 Pitching moment due to the aerodynamic (ft-lb)
control force (15226)

5z Pitch movable control fin center-of- (ft)
pressure to vehicle center-of-gravity
lever arm (L5601)

NbZ Aerodynamic pitch fin normal force (L5157) (lb)

C8z Aerodynamic pitch fin axial force (L5155) (lb)

Torque about the pitch fin hinge axis (ft-lb)(L5248)

Ihz Pitch movable control fin center-of- (ft)
pressure to hinge axis lever arm (L5602)

U Output pitch aerodynamic control fin (dim)
cz center-of-pressure as a ratio of fin

chord length (L5568)

DF MbR Yawing moment due to the aerodynamic (ft-lb) 1

control force (L5227)

Ya- movable control fin center-of-pressure (ft)
by to vehicle center-of-gravity lever arm

(L5600)

Nby Aerodynamic yaw fin normal force (L5156) (lb)
Nhy Torque about the yaw fin hinge axis (ft-lb)

(L5247)

E Iyy Pitch moment of inertia about vehicle (ft-lb-sec2
center-of-gravity (L5179)

Ce Thrust gimbal pitch point position in the (ft)
Zb axis direction (L5590)

x Instantaneous center-of-gravity body sta- (ft)cg tion numbers (L5584)

c Center-of-gravity offset bias distance, (dbi)

positive down (1.5586)

o Achieved missile Euler angle pitch att- (deg)
8itude (5710)
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E Qb Instantaneous vehicle angular pitch (deg/sec)
velocity. Pitch up is positive (L5707)

Val Instantaneous vehicle angular pitch accel- (deg/sec )
eratior. Pitch up positive (L5757)

-I.-
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EA I Yaw moment of inertia about vehicle (ft-lb-sec2 )
center-of-gravity (15183)

Ye Thrust gimbal yaw point eccentricity (ft)
position in the Yb axis direction (15589)

Ycg Center-of-gravity offset bias distance (ft)
positive in the Zb direction (15585)

b Achieved missile Euler angle yaw attitude (deg)
b (1.5711)

Rb Instantaneous vehicle angular yaw velo- (deg/sec)
city. Yaw right is positive (L5708)

R b Instantaneous vehicle angular yaw accel- (deg/sec2 )
eration. Yaw right positive (15758)

EB In Roll moment of inertia about vehicle (ft-lb-sec2 )

center-of-gravity (15175)

0b Achieved missile Euler angle roll att- (deg)itude (L5712)

Achieved vehicle Euler angle roll rate (deg/sec)

Instantaneous vehicle angular roll vel- (deg/sec)
ocity, roll clockwise is positive (L5709)

Pb Instantaneous vehicle angular roll accel- (deg/sec2 )
eration, roll clockwise positive (15759)

F 5 Pitch plane thrust deflection commands (deg)
(15339)

SPitch thrust deflection angle. Positive (deg)
up (L5716)

SPitch thrust deflection angular rate pos- (deg/sec)
itive up (5713)

B Pitch thrust deflection angular acceler- (deg/sec2 )

P ation angle positive up (15763)

F Components of total vehicle thrust para- (lb)
z Ulel to the coordinate axes of the b

aystem (L5143)
KDP Instantaneous control system pitch att- (dim)

itude error gain (L5461)
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F KRP Instantaneous control system pitch rate (sec)
gain (L5467)

FA B Yaw plane thrust deflection commands (deg)
Yc (L5340)

B Yaw thrust deflection angle, positive (deg)
Y left (L5717)

B Yaw thrust deflection angulcr rate, (deg/sec)
positive left (L5714)

"2b Yaw thrust deflection angular acceler- (deg/sec
ation angle positive left

F Components of total vehicle thrust para- (lb)
Y Ulel to the coordinate axes of the b

system (L5142)

IDY Instantaneous control system yaw atti- (dim)
tude error gain (L5462)

K Ilstantaneous control system yaw rate (sec)
gain (L5468)

BFU Modified pitch thrust deflection angle (deg)
to include limit cycle and misaligrnment
angle (L5342)

I Pitch control thrust impulse from stage (lb-sec)
initiation to the time being printed
(L5739)

Ij P Sum of pitch angular thrust vectoring (deg)
velocities from stage initiation to the
time being printed (L5741)

MFOQ Thrust offset pitching moment (L5214) (ft-lb)

be Vehicle pitch attitude error angle (L5344) (deg)

M Movable nozzle tail-wag-dog moment about (ft-lb)
vehicle center-of-gravity in pitch (L5217)

FTDz Movable nozzle tail-wag-dog force in pitch, (lb)
positive down (L5148)

PC S Modified yaw thrust deflection angle to (deg)
-•.-include limit cycle and misalignment

) angles (L5343)

283



Printline Symbol Definition Units

.YC l Yaw control thruRt impulse from stage 'Ib-sec)
initiation to the time being printed
(,5740)

I• Sum of yaw angular thrust vectoring vel- (deg)
ocities from seage initiation to the
time being printed (15742)

MFOR Thrust offset yawing moment (15215) (ft-lb)
/•b Vehicle yaw attitude error angle (L5345) (deg)

MTDR Movable nozzle tail-wag-dog moment about (ft-lb)
vehicle center-of-gravity in yaw (L5218)

Fy Movable nozzle tail-wag-dog force in yaw, (lb)
positive to the right (L5147)

FD F Instantaneous complementary thrust (L5127) (ib)

SAuxiliary roll control system delivered (lb-sec)
total impulse (L5745)

FD Instantaneous roll control system phase (deg)
plane signal (L5449) 3

Ab Vehicle roll attitude error angle (L5348) (deg) -'

FR Instantaneous roll control thrust. Posi- (lb)
tive is the vehicle is intended to rotate

clockwise as seen from the rear of the
vehicle. (L5714)

FR Time rate change of roll control thrust (lb/see)
(L5769)

WR Roll control system mass flow rate (lb/sec)
(L5770)

G tT Time from target maneuvering initiation (sec)
(L5010)

ST Target down range (L5731) (ft)

hT Target altitude (L5730) (ft)

VT Target tangential velocity (L5725) (ft/sec)

7• Target pitch i•ight path angle (L5728) (deg)
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G Target tangential acceleration (15444) (g's)

aTN Target normal to its velocity vector (g'u)
acceleration (15445)

GA STC Target cross range ( W732) (ft)

7M Relative azimuthal ',e l~oIty vector angle (deg)
in missile-target ca-._Ndinates (15336)

7 Relative azimtthal velocity vector angular (deg)
rate in missil:.-target coordinates (15337)

Target azimuthal :'Light path angle (15729) (deg)T

aTC Target traneverse acceleration (15446) (g's)

GB tMH Estimated time to intercept (L5439) (ft)

SMI Estimated earth surface down range at (ft)
tar jet intercept (15441)

hHl Estimated altitude at target intercept (ft)
(L5442)

RMI Estimated range to target intercept (ft)
(15400)

Local flight path angle to estimated (deg)MI target, intercept (15373)

CMI Pttch flight path error to estinated (deg)
intercept (1..55)

GC SCMI Estimated earth surface cross range at (ft)target intercept (15443)

C*MI Angle between estimated i -zercept velo- (deg)

city vector and missile velocity vector

(1)

TMI Azimuthal angle to target intercept (L5374)(deg)

5 Azimuth flight path error to intercept. (deg)
Used in type 10 flight (15338)

GD CZT Seeker pitch look angle (15356) (deg)

Seeker pitch look angular rate (15357) (deg/sec)
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GD RMT Time rate change of missile to target (ft/sec)
distance (L5438)

R1T Missile to target range distance (L5437) (ft)

T Angle of missile to target line and local (deg)
horizontal (L5371)

0 Angular rate of missile to target line (deg/sec)
and local horizontal (L5372)

GE Seeker yaw look angle (L5351) (deg)

ýT Seeker yaw look angular rate (L5352) (deg/sec)

NMT Angle of missile to target line projec- (deg)
tion on horizontal and firing azimuth
(L5360)

Angular rate of missile to target line (deg/sec)
projection or horizontal and firing
azimuth '(L5361)

C IE Ir Missile travel distance on the rail (ft)
launcher used in ground launch type of
flight (Tyw6) (1,5113)

J e Eccentricity of the missile path during (dim)
the glide phase (-l511?)

h Perigee altitude of the missile during (nm)
P the glide phase (L5032)

h Apogee altitude of the missile during the (nm)
a glide phase (L5031)

i Orbital inclination angle (L5111) (deg)

ta Total flight time to the glide phase (sec)apogee altitude (L5012)

F aa4 Glide range angle to the apogee vertical (deg)

P Glide phase orbital period (L5014) (min)

JA tf Total flight time to the termination of (sec) i
f glide phase (L5014)

Sf Total missile ground range at the termina- (nm)
"tion of the glide phase (1.5024)

287



777

Printline Symbol Definition Units ,:

JA •f H~Mssile impact or intercept longitude if (e)!#

powered flight and the atmosphere end at !

the time being printed (L5366)

Pf Misaile impact or intercept latitude if (deg)

powered flight and the atmosphere end at j

the time being printed (L5370)

VMissile inertial velocity at apogee and (ft/sec)
Vif impact of intercept, respectively, if

powered flight and the atmosphere end at

the time being printed (L5042)

7lf Impact or intercept inertial pitch flight (deg)
71•f path angie, if powered flight and the

atmosphere end at the time being printed

(L5332)

7Impact or intercept inertial yaw flight (deg)
721f path azimuthal angle, if powered flight

and the atmosphere end at the time being

printed (L5333)

JB t E Total flight time to atmospheric entry (sec)q
(1,5013)

SE Total missile ground range to atmospheric (rnm)

entry (L5023)

Va Velocity with respect to the ambient air (ft/sec)

at entry (L5058)

Pitch flight path angle with respect to (deg)

71E the ambient air at entry conditions (L5327)

VE Inertial velocity at entry conditions (ft/sec)

71IE: Entry conditions inertial pitch flight (deg)

path angles, if powered flight and the
atmosphere end at the time being printed

(L5328)

YEntry condit*ions inertial yaw flight path (deg)
721E azimuth angle, if powered flight and the

atmosphere end at the time being printe4

(L•5329)

Jc S Total missile ground range at flight (nM)
a apogee (L5022)
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Jc 72I aoeInertial 136azimuth flight path angle at (deg) !

A Vehicle apogee long'-" ude if powered (deg)
a flight and the atmosphere end at the

time being printed (L5365)

P Vehicle apogee latitude ii powered flight (deg)a and the atmosphere end at the time being
printed (15369)

Vi Missile inertial velocity at apogee if (ft/sec)
Is powered flight ends at the time being

printed (L5047)

K X Instantaneous component of vehicle pos- (ft)ee ition north of launcher (15704)

X e Instantaneous components of vehicle (ft/sec)
- ee velocity, north of the launcher (IL5701)

SInstantaneous northerly component of (ft/sec2
ee vehicle acceleration at launcher (L5751)

Z Instantaneous component of vehicle posi- (ft)= ee tion negative up from sea level launcher

latitude (15706)
.0Z Instantaneous component of vehicle velo- (ft/sec)See city negative up from sea level launcher
S,! latitude (L5703)

SInstantaneous downward component of ve- (ft/sec2
ee hicle acceleration at launcher (L5753)

SKA Y Instantaneous component of vehicle posi- (ft)ilee tion east of launcher (L5705)

Y e Instantaneous components of vehicle (ft/sec)
Yee velocity, east of the launcher (C.T5703)

I of i t/ s e 2 )i e Instantane.ous easternly component of(t/e
S~vehicle acceleration at launcher (L5752)

YI Instantaneous component of vehicle posi- (ft)
Ygg tion in the general~ized coordinates cross

.. • range from launcher (15523)

YInstantaneous component of vehicle velo- (ft/sec)
Ygg city in the generalized coordinates cross-

•_j wise from launcher (L5526)
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KA Y Instantaneous component of vehicle acc- (t/sec2)

gg eleration in the generalized coordinates
crosswise from launcher (L5529)

KB X Instantaneous component of vehicle posi- (ft)
gg tion in the generalized coordinates down

range from launcher (L5522)

X Instantaneous component of vehicle velo- (ft/sec)
gg city in the generalized coordinates down

range frcm launcher (%5525)V 2Instantaneous component of vehicle acc- (ft/sec I
gg eleration in the generalized coordinates

down .-ange from launcher (L5528)

Z Instantaneous component of vehicle posi- (ft)
gg tive vertical from launcher (L5524)

z Instantaneous component of vehicle velo- (ft/sec)
9gg city in the generalized coordinates vert-

ical from launcher (L5527) 12
2

Instantaneous component of vehicle acc- (ft/sec
gg eleration in the generalized coordinates

vertical from launcher (L5530)

NLF Output total velocity loss due to back (ft/sec)
pressure from stage initiation to the
time being printed (L5743)

LD Drag velocity loss from stage ignition (ft/sec)
(%5746)

L Gravity losses, from trajectory initia- (ft/sec)
g tion to the time being printed (15748)

L Output ideal velocity vectoring losses (ft/sec)
V (L5118)

SIdeal missile velocity resulting from (ftlsec)
achieved thrust (%5744)

E/m Total missile energy per unit mass during (ft 2-sec )

the glide phase. Potential energy at the
launcher is taken as zero ('L5109)

0 I Total missile impulse measured from stage (lb-sec)
initiation to the time being printed (L5737)
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0 IV Total missile vacuum impulse, measured (lb-sec)

from stage initiation to the time being
printed (L5738)

He Heating parameter. Integral of qv from (lb/ft)

stage initiation to the time being

printed (L5747)

P Calculated main table thrust multiplier (dim)
for K-th stage

TC Calculated complementary table thrust (dim)
multiplier for K-th stage

T Calculated input vacuum corrected main (lb-see)and complementary impulse corrected for
K-th stage

IvM Calculated input vacuum corrected main (lb-sec)

table time adjusted thrust integral for
K-th stage

I C Calculated input vacuum corrected comp- (lb-sec)
vC lementary table time adjusted thrust in-

tegral for K-th stage

PA I•. Calculated main table nozzle back pressure (lb-sec)
impulse for K-rh stage

SPC Calculated complementary table nozzle (lb-sec)
back pressure impulse for K-th stage

A
I T Calculated input main and complementary (lb-sec)

impulse corrected to vacuum condition for

K-th stage

Calculated main table input total impulse (lb-sec)
adjusted to vacuum conditions for K-th
stage

A
I C Calculated complementary table input total (lb-sec)

impulse adjusted to vacuum condition for
K-th stage

PB I a• Input main specific imp.ulse used to com- (sec)pute vehicle weight flow. If zero, weight
flow is determined from the input weight
flow. Also output in the TVC duty cycle
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Printline Symbol Definition Units

k.1

PB Input complementary specific impulse ,.(c)
PB sPC used to compute vehicle weight fV ,If zero, weight flow is determineu 'am

input weight flow (Lkl03)

I* Calculated main and complementary vacuu " (lb-sec)adjusted thrust integral for K-th stage

I* Calculated main table vacuum adjusted (lb-sec)thrust integral for K-th stage

it * Calculated complementary table vacuum , (lb-sec)vC adjusted thrust integral for K-th stage
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OUTPUT PRINT FOMIAT 11

DU:TY CYCLE PRINT

xx6venf me
I-DEL 1-VAC X-E X-NF D-DESIGN

WA OX .X0rQWOCXXEO OX.X)OOOOOOXEOXX OXXXX,X.oCx OX)=x.x)Dc OXoc.Xjoc

WE IM qaqa bO gs

WC OXxx~) XXOOCEOXXOXmXX 0=0411X2O .Xx.XXXOX . M=.00O OX XXX.oxOXX *xxX

i i.t 71P
p bp iny ymax ypmax

I-Y I-DDOTP T-NY ETA-Y D.'OT-FMAX D-Y4A.X
WC ox .XxXXiOO-cEXXoxx x=xxx oO~ x oxxxx ox .mmox oxx6W.,oooc ooc .XXoo

m~ax qqtqC4 neq a ýgve
Q-ALPHA. Q-Q APLHA T-Q ALPHA NORM COEF MACH Q A fl-AVE

WE OXXIOOOC.XX OXXXXX .XX OxXX.XX.)ox OX .xKM=oc Oxx .XxxOC OXX *xxxo

Kdc D B AW t B F vaeW

STG CASE DIA VEH VTHRI!WT STG TIME STG VAC THRUST STG LIFTOFF WT
WF X OXXXXC.XXXX OXXX.= .X OOC X0CC.)000 OX * %000O OOCEX OX .IOOOOOOOEO2OC

PFV d ~ t dcaC
PC/FMV EX? RAT AT 0AMLMA ?CA C-S-AR

WG OX .XXX6"XXXXXEOXX OXXXX .XXX A)OCOCX XXX OX .XXXXX OXzOCX.XXX OXXXXX .XX

WTVC exi spaug cmax
WTV'l W-EXJ ISP-AUG PC-MAX

WH OX .1CCX=XXEOXX OX .XMXXIOO XXOO OX IXX)OOOOOCEOXX OX .XOOXXXXEOXX

M c ~dc Mh-zma Mlhya
N-H N-C N-DC M-HINGE-P M-HINGE-Y

wi x xxx m m Ox.XX2000wCO)0C OXX.~OO0X)DO)C

I MWHO Kt

IVT-MAIN WGT-MAIN KT-MAIN
WJ OX .XX10C0=~OXX OX .LXXQ000CXEOXX OX .X000ODOKX~O



tmax atxmax

ADTMAX IAT AXMAX

W'K jO. XXXXXXEDXX +.XXXXXEIXX +XXXXX .XXXX

F P A Cmax cmax max tmin fmax
FMAX PCIMAX EPSMAX ATMDN CFMAX

WL +XXCOCOCXO. XX +XXCXXX. XXXX +XXXX.C*XXXX +.XXXXX .XXXX K. XXXXXX

F. C A
min emin min tmax ~ fmin

FMIN PCMIN EPSMIN ATMAX CFMIN

WM +XXXXXXXX. xx +XXXXX. xxxx +,Ox(x(.xx XXXX XXXvX. XXXX +X XXX-xxx

t F F xw
Bq pci &yq q cgq vacq q

TIME D-PI-ACH D-YAW F-JEL X-CG F-VAC W-DOT
wo )0acxx.~o oy.x.c=3a oxx.xxxmo xxxxxoo.x ,oocx.xxxocx xoooooox x OOOC.0

WO XMX.XXX OXX.=XXJX 0"X.YYYYm xxxxdo0C.X X20CX.MICX XXXXw0C.X xkmxXXxx
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SPrintline Symbol Definition Units

WA I Output motor thrust impulse for TVC (Ib-sec)
duty cycle stage

Iv Output vacuum thrust impulse for (Ib-sec)
TVC duty cycle stage

x Output stage thrust gimbal body station (ft)
Xe numbers, for the TVC duty cycle (Lk431)

xnf Input body station of nozzle flange. (ft)
Used in the TVC design program (10680)

5I' Input maximum vector angle design limit (deg)
also output in TVL design duty cycle
(1,0681)

WB I Input main specific impulse used to com- (sec)
pute vehicle weight flow. If zero,

weight flow is determined from the input
weight flow. Also output in the TVC
duty cycle (Lk0lO)

h, TVC duty cycle stage altitude at max- (ft)

2
Pq, TVC duty cycle stage atmospheric pressure (lb/ft2)

at maximum qV'

W Input stage pitch control systems forcing (rad/sec
C frequency for the thrust vector deflection

second-order transfer function (Lk437)

Output control system design slew rate (deg/sec)
S for TVC design stage

Output pitch slew angle for TVC design (deg)
stage

WC I Pitch control thrust impulse from stage (lb-sec)
initiation to the time being printed (15739)

ij_ Sum of pitch angular thrust 'ectoring (deg)
velocities from stage initiation to the
time being printed corrected for dither
(1,5116)

Output stage time at which maxir magni- (sec)
tude pitch thrust vector deflect on angle
occurs during the TVC design stage

Pmax)
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Printline Sjubol Definition Units ,0
WC nP Ratio of the delivered thrust [FI to (dim)

vacuum thrust [F I at maximum magnitude
pitch and yaw TVZ deflection angle

Pmax Output maximum pitch thrust vector de- (deg/sec)

flection angular rate, respectively for

the TVC design stage

bPm Output maximum magnitvde pitch thrust (deg)
vector deflection angles respectively,
per control motor for the TVC design
stage

WD Ty Input moment of inertia mulitplier (dbi)
(Lk475)

TV. Sum of yaw angular thrust vectoring (deg)
velocities from stagei initiation to
the time being printed corrected for
dither (T,5117)

t Stage time at which maximum magnitude (sec)
• yaw thrust vector deflection angle
occurs during the TVC design stage kJ

Yinax)

Ratio of the delivered thrust (F) to (dim)
Yk.•, vacuum thrust (F ) at maximum magnitude

yaw TVC deflection angle (BYmax)

SMaximum yaw thrust vector deflection (deg/sec)
Ymax angular rate, for the TVC design stage

;Ym Maximum magnitude yaw thrust vector de- (deg)
Ymax flection angle, per control motor for

the TVC design stage

WE qa Output product of the maximum absolute (lb-deg/ft 2 )
max value of the dynamic pressure-angle of

attack for the TVC design stage

qq Output dynamic pressmre at maximum qa (lb/ft)
during the TVC duty cycle stage

tqI Output TVC duty cycle stage time at (sec)
maximum qA'-
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Printline Symbol Definition Units

WE C Output aerodynamic nbrmal force coef- (1/deg)
ficient at maximum qCV during the TVC
duty cycle stage

M Output Mach number at maximum q•t' during (dim)
qC.1 the TVC duty cycle stage

; Output average TVC deflection angle per (deg)
ave ontrol motor for the TVC deeign stage

WF Kdc Output stage number of TVC duty cycle (dim)
stage (L0671)

DB Output TVC duty cycle stage case diameter (in)
from axial force reference area

AFWI Stage I vacuum thrust to liftoff weight (g's)
used in the vehicle characteristics
pertinent to roll requirement (L0675)

tBa Output TVC duty cycle stage time (sec)

F Output TVC duty cycle stage average (lb)
vave vacuum thrust

W Output TVC duty cycle stage liftoff (Ib)
0 weight used in the roll control require-

ments

WG RPFV Output ratio of motor chamber pressure (1/in )

to vacuum thrust of the main thrust table
of the TVC design stage

C d Input and output nozzle expansion ratio (dim)
used in the separated flow nozzle thrust
equations (LkOl3)

- 2
At Output nozzle throat area for the main (in2)

motor of the TVC design stage

C' Input nozzle half angle used in the sep- (deg)
arated flow nozzle thrust equation (LkO16)

2
Pca Output action time average motor chamber (lb/in2)

pressure for the TVC design duty cycle
stage

SOutput rocket motor propellant character- (ft/sec)
istic velocity for the TVC design duty
cycle stage
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Printline Symbol Definition Units

WH WTVC Input and output estimated TVC system (lb)fixed weight. Used in TVC design stage

for the refly option (L0677)

Wexi input estimated weight of the TVC sys- (lb)
ten expend weight during the TVC design
stage during the original vehicle

flight (L0678)

I Input and output estimated TVC system (sec)
spaug caused specific impulse augmentation

(positive) or degradation (negative).
Used in trajectory TVC design program
refly (L0679)

P Output maximum main motor chamber pres- (lb/ft 2)eMax nure used in -teparated flow equations

WI n Output internally calculated number of kdim)
motore in the stage cluster (Lk380)

n Output internally calculated number of (dim)
control nozzles for the clusteT smotor
logic (Lk381)

ndc Output of number TVC duty cycle tB data (dim) -dc pointsB

Mhzmax: Output maximi-n of the absolute value pitch (ft-lb)
fin hinge torque for the TVC design stage

Nha Output maximum of the abcolute value yaw (ft-lb)
fin hinge torque fer the TVC design stage

WJ I Calculated input vacuum corrected main (lb-sec)table time adjusted thrust integral for
k-th stage

WHO Input initial main weight for the k-th (it)
stage (Lk006)

KtM Output for the TVC duty cycle stage, the (dim)
main switching time multiplier

WK Pintle system required throat area rate (in2/sec)
Atmax (L7060)

At pintle throat area rate (L7061)
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Printline Symbol Definition Units

WK A Motor extinguishment throat area (in 2/sec)
(L7072)

WL F Pintle motor maximum vacuum thrust (lb)
max (L7062)

P Pittle motor chamber pressure at maximum (lb/in2 )
vacuum thrust (L7063)

E Pintle motor expansion ratio at maximum (dim)
vacuum thrust (L7064)

2
A Pintle motor throat area at maximum (in)

vacuum thrust (L7065)

C fffiI Pintle motor vacuum thrust coefficient (dim)
at maximum vacuum thrust (L7066)

WM Fin Pintle motor minimum vacuum thrust (Ib)
(L7067)

Pmin Pirtle motor chamber pressure at minimumn (lb/in2 )

vacuum thrust (L7068)

Sm Pintle motor expansion ratio at minimum (dim)

vacuum thrust (L70691

A tax Pintle motor throat area at minimum (in2

vacuum thrust (L7079)

Cfmin Pintle motor vacuum thruet coefficient (dim)
at minimum vacuum thrust (L7071) (dm

WO tBq Output stage time at which TVC duty (sec)
points occur

p Pitch thrust deflection angle at tBj (deg)
Pq B

B Output modified yaw thrust deflection (deg)
Yq angle at t for TVC design stage

F Delivered motor thrust (F) at tBq during (lb)
Fq TVC design stage

X Output vehicle center-of-gravity at (ft)
StBq ; the TVC duty cycle point

Fa Output vacuum motor thrust (Fa) during (lb)
S" the TVC design stage at t Bq va
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Printline Symbol Definition Units

[w W Output motor weight flow (W) at t (Ib/sec)q the TVC duty cycle point:

3000a.
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This appendix delineates the logic control flagsused in the trajectory

routine. These codes control the kind and sophistication of the desired

trajectory simulation.

Ii
I

47
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1. MODE CONTROL TABLE FLAGS

RI

The mode table controLs the degree of sophistication that is obtained

in the simulation of missile flight. Options s'tch as rigid body with and

without thrust vector control are controlled by the mode table. The de-

sired option or mode is determined by the type of mode input My in the

mode control table row, i.e. L600, L603, ... , L627.

F'ight Sitaulation Mode

M

4 Point Mass 3 Degrees of Freedom

5 Rigid Body 6 Degrees of Freedom

2. ATTITJDE CONTROL TABLE FLAGS

The desired missile attitude will be computed by one of the many types

of flight methods. The type of attitude control desired wi•l be deter-

mined by the "type of flight" input Ty in the attitude control table row,

i.e. L310, L317, ... , or L394.

WTypes of Flight

Ty

1 Coumuanded Turning Rates

2 Gravitty Turn

4 Velocity Steering

6 Rail Launch

7 Constant Altitude

9 Constant Normal Load Factor

10 Intercept Guidance

11 Homing Guidance

302

A



3. SWITCHING CODE

Quantities which can be involved as switching functions or in the

hunting procedure are assigned a code number. These codes are delineated

as P-numbers corresponding to all output parametors. The code number is

input in the appropriate space on the load sheec (generally delineated

symbolically as ( ) and the program determines the parameter which cor-

responds to the code number. The parameter and not the code input is

used in program equations and logic.

The input parameter code is designated by inputting the L-numtber

(delete the "L" of the parameters). These parameters can be used only

as independent variables in the hunting procedure.

If the sigma code number is input negatively, the absolute value of

the parameter is then utilized in the program equations and logic.

4. THRUST MODULATION CONTROL TABLE FLAGS

The thrust control law type is determined from a sequential inputthrust

modulation control type, input Fy in the thrust modulation control table

row, i.e. L800, L810, ... , L860. -

Thrust Control Law Mode

Fy

1 Specific Velocity-Time Profile

2 Constant Mach Number
3 Proportional-to-Commanded Turning Rate Profile

4 Minimum Velocity During Commanded Turning Rate Profile

5 Constrained Dynamic Pressure

6 Axial Acceleration Proportional to Line-of-Sight RateI

-__ Thrust dynamic mode is input in the thrust modulation control table

row, i.e. L803, L813, ... , L863.
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If TMC - 0, perfect i.e. Pc Pcc

If THC w 1, solves P equation

5. SHAPER FIAGi!

Kh AInput shaper control flag where: if it equals zero, (dim)
ignore routine

1. Maximize range,

2. Maximize payload to a given range, or

3. Determine payload to a circular orbit (L0598)

The shaper routine utilizes a generalized attitude control table and

sets up the hunting procedure to: 1) maximize range for a given payload,

2) maximize payload to a given range, or 3) isolate the payload weight

for a given circular orbit.

6. HUfrING PROCEDURE FLAGS

One by One

P1  Input flag to specify hunt procedure if nonzero (P1) (dim)
(L0073)

K Input isolation-maximization control function. If (dim)
zero, isolation is specified and if nonzero, maxl-
mization of the dependent variables will occur used in
hunting procedure (P1) (L0076)

K a 0, isolationa
1, maximize

PI < 0, minimize

KS Input stage print control function. A nonzero value (dim)

is required to print the trajectory at the termination
of each stage during the hunting procedure (L0074)

I
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Multi Variable

P2  Input flag to specify hunt procedure (W2). If (dim)
P - 0, by-pass hunt procedure 2; P2  1, use a
linear response; JP2 1 % 2, use a quadratic response
surface where +2 maximizes and -2 minimizes; 1P21u 3,
use an incomplete quadratic response surface
where +3 maximizes and -3 minimizes. (L0084)

P2 > 1, maximize

P2 < 1, minimize

IP2 1 liner model, (isolation), 2, quadratic model - 3
incomplete quadratic model

7. STAGE START FLAGS

Input stage start control function. If 1, 2, 3, or 4, (dim)
the run starts at the initiation of the first, second,
third, or fourth stage, respectively if input zero
set equal to I (L0003)

Kdc Input and output stage number of TVC duty cycle (dim)
stage (L0671)

8. IMPACT CONTROL FLAG

K7  Input glide phase termination control function. A (dim)
value of plus 1 will specify impact after apogee,
while a minus I will specify impact before apogee
(L0oo40)

9. SPECIAL PRINT FLAGS

PL-DA Input flag where nonzero values are required if (dim)
GB,K,KB, printlines DA, GB, K, KB, N, 0 are desired (L0200-209)
N,O

Tmj Input m3Ximum print region flag (L0260, 262), etc. (dim)
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T j-• maximum/minimum control flag

>0 maximum

< 0 minimum

I T 0 each stage

= 1, 2, 3, or 4 delineated stage

i 5 all stages

M Input titled print flag, if nonzero (L0683) (dim)

1

A format of printline A, B, C, and D is printed at the top of each

page.

10. WEIGHT CARRYOVER FUAGS

iRNOk Input complementary thrust-weight table weight carry- (dim)
over flag for the k-th stage. If K and Kk are
nonzero, separation has occurred wiPA regaras to thecomplementary weight. If K is nonzero and . is
zero, the total vehicle wight at the terminaton of

the k-l stage is used as the initial weight of the
k-th stag-, (Lkl07)

K k Input main thrust-weight table weight carryover (dim)
flag for the k-th stage. If zero, separation has
occurred with regards to the-main and complementary
weights. If nonzero, the main 'weight at the ter-
mination of the k-l stage is used as the initial main
weight of the k-th stage (LkOl2)

11. AUTO PILOT FlAGS

Kb Input thrust control flag. If zero, control thrust (dir,)
is determined from instantaneous vehicle thrust. If
1, the control thrust is obtained from the instantan-
eous main stage thrust, if 2 control thrust is non-
existent (0k434) X
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fGik Input attitude control system gain control flag. (dim)
If equal to zero, input gains are utilized; if not
equal to zero, the automatic gains, calculated from
vehicle control response frequency and damping
ratio, i.e. uv and Ev.
are utilized for the J-th control zone, i i 1,2, or 3;
and k-th stage, k - 1,2,3, or 4 (Lk456, 465, etc).

12. NOZZLE BASE DRAG FLAG

KE Input flag which stipulates that the main nozzle (dim)
exit area will be used in the base drag calcula7
tions when splitting main and complementary tables
to allow for up to 47 thrust time.points.(LklO8)

13. ROLL CONTROL FLAG

J

K Input roll control system flag (Mk405) (dim)
Arc

If Krc 1 1 Auxiliary roll thrusters are used

If K - 2 Aerodynamic control fins are used
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The b-iefing charts given at the final progrwi review at RPL in June

S@ 1972 are shown in this appendix. These charts basically show how to pre-

pare input for the Advanced ASC/TMC Preliminary Design Digital Computer

Program. Delineated are instructions for the input executive control

cards, trajectory operation philosophy, required input as a function of

kind of trajectory simulation desired, generated duty cycle, and required

hardware input peculiar to the plntle nozzle design. 4
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